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Introduction 
The function of the c entral nervous sys tem cannot be 
under s tood from in spection of a s ingle region , for each 
c e l l  and f ib er has discre te connec t ion s . There fore , a 
s tudy of the nervous sys tem requires distinct approaches . 
one fundamental approach has been the study of comparative 
neuroanatomy . 
In a comparative study of the e volution of the 
primates and sub sequently man , the inve s t igator is 
c onfron te d  with a variety o f  animal forms . Each form 
r epre s ents an end produc t of a l ong vert ical l ine of 
evolutionary development . The prob l em is to try to 
reconstruct the vert ical l ine ( ancestral forms) from the 
hor izontal end products (extant forms ) . 
The order Pr imates has two suborder s :  ( 1 )  the 
Pro s imii - composed of s ix families - Tupa i idae , Lemur idae 
Indr iida e ,  Daubenton i idae , Lor is idae and Tar s i idae and 
( 2 )  the Anthropo idea - a l s o  composed of s ix families 
inc luding the Old and New Werl d  monkeys , the great ape s  
and man . One group o f  the suborder Pro s im i i  is the family 
Lor i s idae . The l iving members o f  the family are 
repre sented by the lor ises of India and Southeast As ia 
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and the galagoes and pottos of Africa . Characters the se 
anima l s  share with the h igher anthropoid primate s are s een 
in the osteology o f  the middle ear and the medial wal l  of 
the o rb it (Le Gros C lark , 1 95 9) .  They a l so have orb its 
enc ircl e d  by bone , three kinds of teeth , a we l l  deve loped 
caecum , true na ils and a pseudo-opposab l e  thumb . In hab it ,  
the s e  animal s  are omnivorou s ,  nocturnal and arboreal .  In 
progres s ion , the loriso ids are l e s s  t ied to the 
quadrupeda l i sm of many l emur s  ( Osman H il l , 1 9 5 3) .  The 
lorises have a s low del iberate mode of hand-over-hand 
l ocomotion , the ir l imbs are subequal in length . In 
contrast , the galagos locomote by a rap i d ,  saltatory 
b ehavior and have pelvic l imbs much l onger than pectoral 
l imbs . Both of the s e  mean s  of progres s ion e f fect an 
orthograde ( erect or s em i- erect) posture of the trunk and 
a tendency for a di f ferent mode of balanc ing the head on 
the spine . 
S ome authors regard the vertical c l inging and 
l eap ing,o f  galagos a s  the ear l ie s t  l ocomotor spec ial ization 
of p r imates (Napier and Walker,  1 9 6 7, Nap ie r ,  1967) . From 
the post-cranial osteology of early Miocene Lor i s idae 
(Walker,  1 970) and from a comparative osteological , 
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behavioral and paleontolog ical study (Nap ier and walker , 
1967),  it appears that th is locomotor pattern was present 
in early E ocene and subsequent Miocene pros imians . The s e  
authors conc lude that vertical c l inging a n d  leap ing i s  
the earl iest known pr imate locomotor spec ial ization and 
preadaptive to some or pos s ib ly a l l  subsequent patterns 
o f  pr imate progre s s ion-quadrupedal ism, b rachiation and 
b ipedal i sm . 
Although comparative neuroanatomical inve s t igations 
have util ized the anthropoid pr ima te s ,  (ma inly Macaca) 
rodents and carn ivores ( ch iefly the cat), the pros imian 
p r imate s have been relatively ignored . Yet the ir 
locomotor b ehavior and their propen s ity toward 
b ipeda l i sm make them an in teresting model for a s tudy o f  
c entral nervous pathways related to l ocomotion . 
4 
s tatement of Proposal 
The pre sent study wa s undertaken in order to 
determine : ( 1) the cortical or igin of spinal 
proj ection s ,  (2) whethe r or not the somatotopic 
organ izat ion of the cortex is mainta ined with in th e 
spinal term ination s ,  and ( 3 )  the location s  of spinal 
nuc l e i  under direct cortical influence ,  in a vertical 
c l inging and leap ing pr imate . 
Rat ional e  
The util ization o f  an ima l s  other than man for a study 
o f  th is nature is eas ily j u s t i f ie d  on the grounds that man 
is inacce s s ible for mos t  exper imental approaches . In 
addition , some inve s t igator s expect that the structure of 
other animal s  may be s impler and many exempl ify man ' s 
s tructural and functional pattern s in a l e s s  complex form . 
S ome comparative s tudies e ven state that certain an imal 
spec ies may be closer to a presumed anc e s tral state and , 
there for e ,  will give information concerning the condition s  
from which man evolved . Th is pos ition is exempl ified in 
the s earch for the ideal archetype from wh ich all present 
vers ion s o f  an imal features are der ived . 
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E vo lutionary pr in c iples clarified by S impson ,  Grant , 
Mayr and Gain (Gan s ,  1 9 6 9) make it quite clear that 
present day forms are not to be c on s idered remnants of 
some past evolut ionary s tate . One mus t  then look at 
funct ional and structural patterns of the nervous system 
and a tt empt to discrim inate between newly evolved and 
phylogenetically retained conditions . The problem,  
according to Le Gros Clark ( 1 95 9) is to separate characters 
o f  common inheritance from charac te r s  of individual 
acqu i s i t ion. 
One approach that may solve th is problem is the use 
o f  d ivergent forms . The use of divergent forms a s sumes 
that diffe�nt solut ions to funct iona l  problems will be 
contra s te d  on a pre sumab ly similar genet ic background . 
Thus , if two closely related forms d i f fer only in l imited 
funct ional and structural characteristic s ,  the probab ility 
increases that a g iven structural dif ference may b e  
r ecognized as being related t o  a n  ob served difference o f  
function. It is with these con s ide rations that thi s  s tudy 
was conce ived . 
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Literature Rev iew 
Descending c entral nervous system pathway s a s soc iated 
with motorsensory function can be c l a s s if ied a s  
corticospinal and subcorticospinal proj ections (Kuyper s ,  
F l em ing,  and Farinho l t ,  1 96 2 ) .  proj ections from the 
bra in s tem ( red nucleus , tec tum , ves t ibular nuc l e i  and 
reticular formation) are examp l e s  of the phylogenetically 
old subcort ical motor system . Collectively , the s e  
pathways repre s ent the ma in motor system o f  non-mammal ian 
vertebrates . 
In addition to the s e  subcorticosp inal pathways ,  
mammal s  have a direct corticospinal sys tem . Th is sys tem 
is composed of axons or iginat ing from motor and s en s ory 
cortical neurons . Many of the s e  neuron s proj ect the ir 
axon s ip s ilateral ly through the brain stem ,  cross in the 
caudal medulla , and terminate in th e c ontralateral gray 
matter of the spinal cord . Cell s o f  the somatosensory 
cortex pro j ec t  predominantly to sensory nuc l e i  of the 
brainstem and to cel l s  in the dor sal horn of the sp inal 
cord . Neuron s  o f  the somatomotor are a s  pro j ec t  
predominantly to internunc ial c e l l s  o f  the spinal cord 
gray which in turn proj ec t  onto motor neurons o f  the 
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ventra l horn . In some carn ivores and in mos t  primates 
there are also direct pro j ections from the motor cortex to 
dendr ites and cell bodies of a lpha and gamma motor neurons 
in the ventral horn of the spinal cor d .  It is th is latter 
pathway which may prov ide a means for further refinement 
and improvement in direct ion , spe ed and appropr iatene s s  
o f  movements in pectoral and pelvic l imbs (Lawrence and 
Kuypers , 1 96 8  a ,  b ) . 
projections from the motor cortex directly to the 
spinal cord are said to appear first in the c l a s s  
Mammal ial• As a new acquis ition to the mamma l ian 
radiation , the corticospina l tracts vary in orig in ,  
cour se and term ination between the orders . yet the ir 
anatomy is reported to be fairly cons tant with in each 
order . Previous studie s have empha s ized the dif ferenc es 
between the orders but l ittle information is availab l e  to 
compare the dif ferent genera . In order to clarify th is 
point and to trace the phylogenetic development of the 
lObersteiner ( 18 96 )  and Kal ischer ( 1 90 1 ,  1 90 5 )  report 
a cort icospinal tract in the parrot . Karten ( 1 96 9 ,  1 97 1 )  
found a pyramidal sys tem in the owl and pigeon . Thus , the 
ant iquity of the sys tem is extended from the Tria s s ic to 
the Carboniferous per iod (Towe , 1 97 3 ) . 
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tract , its orig in , cours e  and terminat ion within the 
var ious orders of the c las s Mammal ia has been reviewed . 
In order to describe the terminat ion s of 
descending proj ections to the sp ina l cord several 
nomenclatures have evolved . Three princ iple 
class if ications are in use today to subdivide the sp ina l 
cord gray matter :  ( 1) a pure ly descriptive nomenc lature 
based on anatomic regions irre spec tive o f  nuc lear group s , 
( 2) subdivis ion by nuc lear groups and columns of c e l l s , 
and ( 3 )  the laminar patterns according to Rexed ( 1 95 2 , 
1 954) • 
The inves t igator may be c on fronted with one or 
combinat ion s of the s e  clas s i f ication s in the l iterature 
of the las·,t decade . Tab l e  1 is an attempt to organ ize 
the different nomenclatures , grouping analogous terms 
acros s the table . In the present study a comb ination of 
Rexed ' s lamina and nuc lear groups is used (See schematic 
l ine drawing which suppl ements Tab l e  I ) . 
D.H. 
I. Z. 
V.H. 
TABLE I. PRINCIPLE NOMENCLATURES OF SPINAL CORD GRAY MATTER 
Rexed's 
lamina 
I. -VI. 
I. 
II. 
III. 
IV. 
V. 
VI. 
VII. 
X. 
VII.�X. 
VII. 
VIII. 
IX. 
Nuclear organization Zones 
Waldeyer's marginal nuc. Sulcomarginal 
Substansia gelatinosa 
Nuc. proprius cornu dorsalis 
Nuc. cornu commissuralis dorsalis Internal and external 
basilar region 
Clarke's column; medial and lateral zone intermedia 
intermediate nuclei; internuncial nuclei 
substansia gl i osa 
Internuncial nuclei 
Nuc. cornucommissuralis ventralis medial 
motor nuclei 
Medial and lateral motor nuclei 
D.H. Dorsal horn - primary sensory and relay centers 
I. Z. Intermediate zone - primary relay centers and autonomies 
V. H. Ventra I horn - primary motor centers 
\.D 
10 
Supplement to Table I 
Rexed ' s laminas are labeled on the l e ft hal f  of a cro s s  
s ec tion o f  sp inal cord o f  Ga1ago . The p r incipal nuclear 
groups are identi f ied on the r ight hal f .  Pd - dorsal proper 
nuc leus7 CCd - nuc leus cornucommis sural i s  dor sal is7 
CC v - nuc leus cornucommis sura 1 i s  ventral is7 zi - zona 
intermedia7 a - axial group o f  motor neuron s ,  nuc leus 
motorius media l is7 ap - append icular group of motor neurons 
nuc leus motor ius latera l i s . 
1 1  
A .  Protother ian Mammal s  
Monotremata 
Ech idna (the spiny anteater) 
Goldby ( 1 93 9a) s tudied the corticospinal tract of the 
sp iny anteater us ing the Marchi techn ique 2• In a s ingl e  
spec imen o f  Ech idna f ibers decussated i n  the anter ior pon s ,  
coursed through the lateral medulla and entered the lateral 
fun iculus o f  the cord . The tract de scended to at least the 
twenty-fourth spinal s egment ( s ixteenth thorac ic leve l), 
but wa s not followed caudal to thi s  poin t . Goldby states 
that the twenty- fourth s egment ( s ixteenth thorac ic) is in 
the lumbo sacral enlargement . 
2The Marchi procedure ( Swank et a l . ,  1 93 5) select ively 
s ta in s  the degenerating myel in of l e s ioned neurons or f iber 
tracts. Therefore , the technique is l imited to the 
determ inat ion of the or ig in and cour se of f iber pro j ection s 
but not the ir terminat ion because nerv e  f ibers lose the ir 
mye l in be fore they terminate . Th is techn ique was used 
exten s ively in the first ha l f  of the present century; 
there fore , most re ferences pr ior to 1 95 4  do not inc lude 
termination s of pro j ection sys tems . 
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B .  Metather ian Mammal s  
Marsupial ia 
There have been s everal inve s t igation s which reported 
the or igin , course and terminat ion of the corticospinal 
tract in the virg in ia opossum (Turner , 1924; Ward, 1 954; 
Baut i s ta and Matske , 1 965;  and Martin and F ishe r ,  1 96 8 ) . 
Turner ( 1 92 4) reported that the tract decus sated in 
the me du l la and des cended into the dor sal fun iculus of the 
upper cervical cord . He coul d not follow the pro j ection s 
further with the March i  techn ique . with selective s ilver 
techn iques the tract was found to or iginate from neurons 
around the orb ital sulcus , princ ipally from the 
postorb ital cortex (Baut i s ta and Matzke , 1 96 5; Martin and 
F ishe r ,  1968) . Thes e  c e l l s  pro j ecte d  through the 
brainstem to the m idventra l medulla where a decus sation 
occurred . The maj or bundle crossed to the centra l margin 
of the dor sal funiculus , a l e s s e r  bundle cros sed to the 
lateral funiculus .  The s e  fibers fai led to descend beyond 
the cervical enlargement and terminated medially in the 
dorsal horn ( laminas I I I-VI ) . 
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other Mar sup ia l i s  s tudied inc lude P seudoch irus 
peregr inus , (ziehan , 1899)  and Tr ichosurus vulpecula the 
phalanger ,  (Goldby , 1 9 3 9b; Martin , Meg ir ian and Roebuck , 
1 9 7 0 ) . corticospinal fibers arose in pos torb ital and 
m idcortical area s ,  de scended through the bra instem, 
c ro s s e d  in the caudal medulla to compose a large tract in 
the dorsal funiculus and a sma l ler bundle in the lateral 
fun iculus . F ibers could b e  traced as far a s  TID . 
Termina l s  were abundant me dial ly in the dorsal horn , 
lam inas I I I-VI , al though some f ibers extended ventra l ly 
into lamina s VI I and VI I I  (Mart in ,  et a l . ,  1 97 0 ) . 
watson ( 1 97 la , b )  reported the orig in and course of 
the corticospinal tract o f  the quokka wallaby (Seton ix 
brachyuru s )  and the kangaroo (Macropus ful l iginosus and 
Megal iia rufa) . The maj or bundl e formed a crossed dor sal 
tract which extended to T7 . Minor bundle s  were reported 
in an uncrossed dorsal tract and in c ro s s e d  and uncrossed 
lateral fun icular tracts . These minor bundl e s  were not 
found below cervical leve ls .  Terminations were reported 
in dorsal and intermediate gray o f  the spina l cord . 
Mart in , Meg ir ian and Conner ( 1 97 2 ) showed in the 
Tasmanian potoroo (a sma l l  hopping mar sup ia l )  a cro s s ed 
dor sal tract (ma j or )  which extended to T 1 2  and a crossed 
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lateral tract (minor ) which ended at T8 . The 
somatotopic organ iza tion of the cortex was mainta ined in 
the corticospinal proj ec t ion; motor (postorb ital) cortex 
proj ected to the more ventral laminas (V-VI I ) ; pro j ection s 
from lateral parieta l  cortex ( s ensory) were con f ined to 
the dorsal laminas ( I I I  and IV) • 
Insect ivora 
C .  Euther ian Mammals 
The maj or ity of reports o f  this o rder deal with 
E r inaceus , the European hedgehog (Z iehan , 1899; 
Kotzenberg , 1899; B ischof f ,  1 900; E dinge r ,  1 904; 
Drae s eke , 1 90 4; van der vloe t ,  1 906 , and Campbe l l ,  1 96 5 ) . 
Z iehan ( 18 9 9 )  and Kotzenberg ( 1899)  reported no 
corticospinal f ibers present in the caudal medulla or 
sp inal cord . Edinger ( 1 904) described an uncrossed tract 
in the ventral fun iculus to the upper cervical cord . 
Neither van der Vloet ( 1 90 6 )  nor Drae seke ( 1 904)  reported 
a pyramidal decussat ion in the hedgehog or the mole 
(Ta lpa) • 
Linowiecke ( 1 914) , u s ing the pyr id ine s ilver technique 
in the mole (Scalopus ) ,  traced the tract into the 
ventral fun iculus of the ce rvical cord; and Campbell 
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( 1 96 5 )  i n  a more recent study ,  u s ing the Nauta-Gygax 
techn ique , de scribed a ventral fun icular tract to the 
cervical cord in Er inaceus . He could not locate a 
decuss at ion in the pons or medulla , not could he find 
terminal s  in the spinal gray matter .  
Chiroptera 
Drae s eke ( 1 90 3 ) , u s ing the bats , ve sperugo 
serotinus and Pteropus ur s inus , found most of the 
pyramidal f iber s ending on the fac ial nuc leus . Tho s e  
fibers which did reach the cord were found i n  the dor s al 
fun iculus . 
Edentata 
F ishe r  et ale ( 1 96 9 )  reported projec tion s from 
pre supraorb ital cortex to the lateral cord gray in the 
armadillo . Much of th is s tudy was re-evaluated in a 
more recent work (Dom et al . ,  1 97 1 ) . Th is s tudy is the 
only ava ilab l e  work combining cortical stimulation and 
cortical ablation to trace the cort icosp inal tract in 
the edentate lL�e . Fiber degenerat ion was present in 
the contralateral ven tral and lateral funiculi to 
rostral thorac ic leve l s . Terminal s  were abundant in the 
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medial dorsal gray , laminas IV-VI , but did not extend 
into ventral lamina in the cerv ical enlargement . 
Rodentia 
Douglas and Barr ( 1 9 5 0 )  studied the rat , golden 
hamster , Canadian beaver , woodchuck and the 
th irteen- l ined ground squirre l .  Prev iously King ( 1 91 0 )  
reported the cour s e  of the cor ticospinal tract in the 
rat; and S imp son ( 1 9 1 2 a ,  1 9 1 5 )  reported its course in 
the s tr iped gopher and the Canadian porcupine . S impson 
s tates that in porcup ine a direct uncrossed ventral tract 
and crossed dorsal tract extended into sacral segments , 
an unusua lly we ll-developed tract for a rodent . S imp son 
( 19 1 4 )  a l so studied the tract in the red squirrel and 
ch ipmunk; and Reverley ( 1 9 1 5 )  described its cour se in 
the guinea p ig . 
More recently, Goldby and Kacker ( 1 96 3 )  reported its 
extend in the coypu rat (Myoca ster coypus ) ,  us ing the 
Nauta-Gygax technique . The tract is pr imar ily a crossed 
dorsal projection , although cros sed lateral and uncro ssed 
dor sa l and ventral projection s have been reported in the 
c erv ical cord . The main dorsal bundle descended to the 
lumbar enlargement . The tract terminate d in the med ial 
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dorsal horn gray ( lamina s IV-V) . Most recently , Brown 
( 1 9 7 1 )  reported the synaptology of the rodent 
cort icosp inal system us ing a combined s ilver degeneration 
and electron microscop ic technique . Degenerat ing axons 
appeared to synapse only with dendr ite s of neuron s in the 
dorsal most regions of the dorsal horn . No axosomatic or 
axoaxonal f igure s  were de scribed . 
Lagomorpha 
The cour se of the c orticosp inal tract in the rabbit 
(Oryctolagus) was invest igated by Swank ( 1 93 6 ) . From the 
decus sation , a cros s ed tract wa s followed into the lateral 
fun iculus but ended quickly in the upper cervical cor d ,  
short o f  the enlargemen t .  E vidence such a s  this may 
account for the removal of the rabb it from the order 
Rodent ia to be placed in a separate order (Douglas and 
Barr , 1 95 0 ) . 
Probosc idia 
The pyramidal sys tem wa s f irst studied in 
elephant by Bregmann ( 1 915 ) . He reported that two-
of the bundle was distributed to the fac ial nuc leus (VIl, 
and only one-th ird des cended beyond the decus sation in 
the contralateral ventral funiculus . 
18 
In contras t ,  Verhaart and Kramer ( 1958)  and Verhaart 
( 1 96 3 )  reported an uncrossed ven tral tract which ended in 
the ce rvical cord and a crossed dorsal fun icular tract 
that extended into the upper thoracic cord. Verhaart 
used the non-experimental Haggqv ist technique , and the 
terminations of the tract have not been de scribed. 
Artiodactyla 
Ziehan ( 1 90 0 )  de scribed a c ros s ed dorsal and a 
lateral fun icular tract in the sheep , avis. In the same 
genus , Dexler and Margul ie s  ( 1 90 6 )  found, in addition , an 
unc ros sed ventral tract. The s e  authors a l s o  described 
s imi lar f indings in the goat,  Capra . King ( 1 91 1 )  found 
a sma l l  crossed lateral tract wh ich extended·to the upper 
cerv ical spinal cord in sheep , but no sites of termination 
have been reported. 
carn ivora 
The corticospinal pattern of carnivores was reported 
to be s imilar to that of the primate s ,  although the ventral 
fun icular components were much r educed or absent. In 
addit ion , there were no commis sural f ibers of pa s s age nor 
were there terminat ion s upon the nuc l e i  of the ventral 
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horn (there were two known exceptions - s e e  be low) 
(S impson ,  1 91 2b; Chambe rs and Liu, 1957;  Kuyper s ,  1 958a; 
Nyberg-Han sen and Brodal ,  1 96 3; Buxton and Goodman , 
1 967;  and Petras and Lehman, 1 966; Petras , 1 96 9) . The 
ma j or contr ibution to the cord was located in the lateral 
funiculus and extended into coccygeal segment s .  Minor 
bundle s were reported in crossed and uncros sed ventral 
and uncros s ed lateral pathways , although these trac ts 
usua l ly ended in the upper cervical cord . Dense terminal 
degenerat ion was reported in the external ba s i lar zones 
o f  the dor sal horn and in the underlying z ona intermedia . 
No terminal s  were reported on-append icular or axial 
motorneuron s in the cat , although occas ional f ibers were 
reported among appendicular neurons in the dog (Buxton 
and Goodman , 1 96 7 ) . In the raccoon and kinkajou , 
however , corticospinal f ibers were r eported on the mos t  
dorso lateral ly located c e l l s  of the ventral horn 
(lamina IX) . The s e  dorsolateral c e l l s  innervate distal 
appendicular musculature (Petras and Lehman , 1 966; 
Petra s ,  196 9) . 
The cortical proj ection s to the cord were also 
somatotopical ly arranged as they were in the Primates. 
projections from the caudal postsigmoid gyrus terminated 
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predominantly o n  the dorsally located sensory nuc l e i  o f  
the bra in s tem and sp inal cord. Pro j ections from the 
ros tral posts igmoid gyrus ended more ventral ly along the 
neuroaxis and terminated on internunc ial neurons in the 
external bas ilar zone of the cord gray matter (laminas 
V and VI) . The s e  terminat ions also extended well into 
the zona intermedia (lamina VI I )  (Nyb erg-Hansen and 
Brodal , 1963).  
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P r imate s 
Pros im ian- comparative corticospinal morphology is 
ava ilable in only two pros imian fami l ies , the Lor is idae 
( s l ow loris and galago) and Tupaiidae (the Malayan tree 
shrew) . Inc lus ion of Tupa ia into the order Pr imates has 
been questioned by van va len ( 1 96 5 ) , Campb e l l  ( 1 966a) and 
s traus ( 1 94 9 ) . 
The corticospinal system in the Malayan tree shrew 
has been reported by a numb e r  of inves tigator s  (Jane , 
Campb e l l  and yashon , 1 96 5; verhaar t ,  1 966; Shriver and 
Noback, 1 967;  and Jan e ,  Campb e l l  and yashon , 1969) . Resul ts 
of cortical mapping in Tupaia fol lowed the general schema 
found in other sma l l  placental mammal s .  There was a 
motor sensory amalgam of the frontal lobe with s l ight 
separation of motor function toward the rostral pol e .  
cortical topography ( indentat ion s and eminenc e s )  appeared 
re lated to patterns of local ization ( Lende , 1 97 0 ) . 
Projection s from the motorsensory cortex to the spinal cord 
were found contralaterally in the dorsal fun iculus . A few 
f iber bundl e s  were reported in a crossed lateral and in 
uncrossed ventral and dorsal tracts . The major dor sal 
bundle de scended through thorac ic segments; the aberrant 
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bundles terminated i n  upper cervical segments . Pre terminal 
and terminal degeneration were confined to the medial 
portions o f  the base o f  the dorsal horn , lamina V and VI. 
Relat ively few f ibers proj ected dor sally to lamina III or 
ventral ly into lamina VI I .  No degenerat ion was reported 
cros s ing the dorsal or ventral gray commis sure s . 
In s l ow loris (Nyct icebu s ) , Jane et al . ( 1 96 5 )  
r eported a complete decussat ion o f  the pyramidal bundle to 
the contralateral lateral fun iculus to cour se the ent ire 
length of the cord . Degeneration was most abundant at the 
base of the dorsal horn and intermedia te gray column . 
Sparse degeneration wa s reported in the ventral horn, with 
some fibers recross ing through the dorsal and ventral gray 
commis sures. 
campbell e t  al . ( 1966b )  reported, in addit ion , the 
pre sence of a sma l l  bundle in the ips ilateral lateral 
fun iculus which extended to the lumbar cord and rare f iber s 
in the dor sal fun iculus . Campbell also described the 
terminal degenerat ion in the ventral horn as most 
abundant in the medial por tion s with only occas ional 
terminal s located on the large , latera l ly placed c e l l s  of 
the ventral horn . There was no ev idence of a ventral 
tract . 
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Ferrer ( 1 97 1 )  reported the extent o f  the tract in 
greater galago (Galago cras sicaudatus ) .  Crossed and 
uncrossed lateral tracts traversed the length of the cord; 
and a ventral trac t was identified at cervical and upper 
thoracic leve l s . Terminations were abundant in 
mediobasal and laterobasal dor sal horn gray . A few fibers 
were traced into the medial ventral horn (lamina VI I I )  
contralateral t o  the le sion . Degeneration was den s e  a t  the 
external basilar dor sal horn and zona intermedia , (laminas 
IV-VI I) . Le sions of somatosensory cortex produced 
degen eration in the more dorsal laminas (laminas I I I- IV) of 
the dorsal horn , but no terminals were reported on large 
motor neurons in the ventral horn . 
Anthropoidea - New World Monkeys 
Cal litrichidae 
Shriver and Matzke (196 5 )  described the 
corticospinal tract in the cotton-top tamarin (Saquinus 
oedipus ) .  A long maj or crossed lateral and a short minor 
uncro ssed lateral trac t were reported . Degeneration was 
mainly to the base o f  the dor sal horn with some terminal s  
found in the lateral aspect of z one inte rmedia . There 
were no fibers cros sing either gray commissure nor were 
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there terminal s  a s soc iated with the motor nuclei of the 
ventral horn . 
Ceb idae 
Hart ing and Noback ( 1 9 7 0 )  described the 
corticosp inal f ibers in the squ irrel monkey (Saimiri 
s c iureus ) .  Following l e s ions of the somatomotor cortex , 
degenerating debris was found contralateral ly in the 
lateral fun iculus with occa s ional f ibers found ips ilateral 
to the l e s ion . Degenerat ion was dense in the external 
bas ilar dorsal horn and zona intermedia (laminas IV-VI I )  • 
Les ion s of the somatos ensory cortex , however ,  produced 
degenerat ion in the more dorsal lamina ( I I I- IV) . No 
terminal s  were reported on large motor neuron s in the 
ventral horn . 
Anthropoidea- Old World Primate s ,  inc luding Man 
Exten s ive l iterature is ava ilable on the ,pyramidal 
sys tem of monkeys and ape s .  La s sek ( 1 954)  reviewed the 
l iterature from 1 7 0 9  to the middle of the pre sent century . 
The anthropoid corticospinal sys tem may be summarized, a s  
follows : The motor sensory cortex projec ts i t s  f ibers into 
four spinal pathways forming crossed and uncro ssed lateral 
and ventral tracts . The largest and most con s is tent tract 
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de scends in the contralateral latera l fun iculus cours ing 
the l ength of the cor d .  
The ventral tracts are more var iab l e . They 
terminate in cervical leve l s  but occas ionally are 
reported to descend to lower lumbar segments (Liu and 
chambers , 1 964; Fulton and Sheehan , 193 5; and verhaart , 
1 970 ) . F iber termination is ch iefly on c e l l s  of the 
contralateral dorsal horn and intermediate zone . cort ical 
projections to the dor solateral ventral horn are also 
p re s ent w i th an apparent increase in the number o f  
monosynaptic terminals a s  one ascends the pr imate serie s  
(pros imian- s imian-anthropo ids )  • 
The projection s of the motorsensory cortex to the 
sp inal cord can be organ ized into a dorsal sensory 
modulating component ( into lamina I I I-V) and a ventral 
motor component ( into lamina VI- IX) . The motor component 
can be further organ ized into medial and lateral zone s .  
The medial zone affects proximal limb and axial 
mu sculature; the lateral zone a f fects appendicular 
musculature , (Liu and Chamber s ,  1 964; Kuyper s ,  1 95 8a , b; 
schoen , 1 964; Kuype r s  and B r inkman , 1 970 ) . 
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Term ination of the tract is on internunc ial neurons 
in the bas ilar zone s (media l and latera l )  of the dorsal 
horn a s  well a s  throughout the zona intermedia . Terminal s 
in the v entral horn synapse directly with the smaller gamma 
motor neurons as well as with large a lpha motor cells . 
The function of th is direct monosynaptic pathway and 
the pyramidal system as a whole is not understood . It may 
provide a mean s for re finement or improvement in speed , 
direction and approp r iaten e s s  of movement .  "The system 
probably adds the neces sary ' readiness to actl that make 
a l l  the d ifference in the selective proc e s s  where speed 
and appropr iatene s s  of action are so important (Towe , 
1 973) . "  
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Material s and Methods 
A total of twe lve bushbabys were used in the present 
study . These member s  of the family Lor is idae have a 
unique mode of locomotion that has been class ified as 
vertical c l inging and leap ing (Nap ier and walker ,  1 967) . 
Galago senegalen s i s  s enegalens is - l e s s er bushbaby 
from East A frica -
s even spe c imen s 
Galago senegalen s is mohol i - l e s s e r  bushbaby from 
South Afr ica - three 
spec imens 
Galago crass icaudatus - greater or thickta iled galago 
from East Africa - two 
spec imens 
The anima l s  were ane s thes ized w ith an intravenous 
aqueous solut ion of Diabuta1 3 ( sodium pentobarb ital- 1 5mg/kg 
body we ight)  and placed on a stereotaxic frame . Ear p ins 
and nasal bars were not used to avoid inj ury to peripheral 
branches o f  cranial nerves. After a midline inc i s ion , the 
super ior border of the left temporal i s  muscle was 
dissec ted from its or igin and ref lected to expose the 
calva r ium . Access to the cran ial vault wa s accomplished 
3Diamond Laborator ies, Des Moine s ,  Iowa 
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with a dental dril l ,  rongeur s ,  and bone cutting forceps . 
The dura was incised and a lesion wa s selectively placed 
in the cerebral cortex by subpial aspiration . 
Localization of lesion s was aided by the areal maps 
of von Bonin ( 1 94 5 )  and Kanagasuntherarn , Leong and Mahran, 
( 1 96 6 )  as wel l" as gros s  surface anatomy ( dimples , grooves 
and sulci) (Haines et al . ,  1 974 ) . Placement of lesion s 
was con firmed by subsequent cytoarchitectural ob servation s .  
The dura wa s then sutured; a bone flap or Gel foarn4 was 
p laced over the exposed area; and the temporalis muscle 
was sutured to the con tralateral temporal fascia . The skin 
was sutured following a s�ilicutaneous application o f  
Furacin5 (nitrofurazone) . One death occurred 24 hours 
following a medial hemispheric lesion . The cause of death 
was due to complications other than the experimental 
surgery . 
Eleven successfully lesioned animals were observed 
postoperatively for deficits in locomotor skills although 
no testing was per formed . It was felt that survival times 
4The Upjohn Company, Kalamazoo, Michigan 
SEaton Laboratories , Norwich , New York 
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were too b rief t o  eva luate pos toperative motor deficits . 
After survival times that ranged from 4- 12 days , the 
animal s  were anesthesized and the abdominal aorta and 
inferior vena cava exposed and freed . The aorta wa s 
cannulated at the level of its bifurcation into the common 
iliac arteries . The cannula wa s tied down and 5 0 0  units of 
sodium heparin6 (diluted to 1 ml with saline) was inj ected 
through the cannula followed by 10 ml of saline . The 
inferior vena cava was excised several minutes later and 
the animal was per fused with 2 0 0- 400 ml of 0 . 9% saline . 
The saline was followed by a perfusion with 20 0-400 ml of 
10% formalin . 
Three anima l s  were also perfused with a 0 . 5% 
glutaraldehyde - 4 . 0% paraformaldehyde in a 0 . 2M phosphate 
buffer with 4 . 0% sucrose (modified after Karnosky , 1 965 ) . 
The entire central nervous sys tem was s tored in 10% 
formalin for 1-2 weeks , placed in sugar formalin7 �or 2-5 
days , and serial ly sec tioned at 40 micra on a s liding 
microtome modified for frozen section s . These section s 
were kept in serial order in mini-cube icetrays . Serial 
6Sigma Chemical Company , st . Louis , Missouri 
7600 gm- Sucrose: 200 ml - formalin; 1450 ml distil led 
water 
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order was a l so maintained during the selective silver 
impregnation of degenerating axoplasm (Fink-Heimer , 1 967) 
by placing sections in Coor s per forated porcelain 
crucibles 8 and emersing them in egg trays filled with the 
appropriate solution . Alternate sections were stained 
with either a cresylviolet acetate stain or the 
luxol- fa st-blue , c resylviolet technique ( Kuver-Barrera , 
1 953) in order to identify nuc lear configurations. 
Three normal b rain s and spinal cords , which were 
s tored in 10% formalin for six months to a year , were 
utilized for the zinc chromate modifications of the 
Golgi technique (Fox et a l . ,  1 95 1 ) . Tissue perfused with 
glutaraldehyde was used in the Golgi-Kopsch technique 
(Colonnier , 1 96 4 ) . These blocks were either rapidly 
embedded in paraf fin and serial ly cut on a rotary 
microtome or frozen and cut on a s liding microtome . 
Golgi preparations were cut at 1 5 0-200 micra and mounted 
with albumin. Fink-Heimer and nuclear stained material 
were cut at 40- 80 micra and mounted from alcoholic gelatin 
(Albrecht, 1 95 4 ) . 
8Scientific Produc t s ,  McGraw Park , Il linois 
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Scaled line drawings of gross specimens wer e  made to 
compliment macrophotographs of normal and lesioned brains . 
In addition to photomicrograph s ,  projec tion drawings 9 were 
also made o f  Fink-H e ime r ,  Nis s l  and Golgi preparations to 
show fiber tracts and site s o f  termination a s  wel l  as 
nuc lear conf igurat ion and dendritic arbor ization o f  
neurons . 
9Micro-macr9projec tor , Bausch and Lomb optic al 
Company, Rochester , New York 
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Results 
A . cortex 
1 .  External Morphology 
Description s of the external morphology of the 
brain s  of a variety of pros imians are found in the 
l iterature . E l l iot smith ( 1 90 3 )  reviewed the n ineteenth 
century l iterature; more recently , the topography of the 
cortex was reported by Ar iens Kappers et ale ( 1 9 3 6 ) , 
Connolly ( 1 95 0 )  and Ha ines et ale ( 1 974 ) . 
It was proposed by Abbe ( 1 94 0 ) · and by Sanides and 
Kr ishnamurti ( 1967)  that the sulcal pattern of the primate 
cortex is b ased upon the separat ion of different 
cytoarchitec tural and funct ional areas . Therefore , in 
order to place discrete les ion s in a presumptive 
motor- sen sory homunculus , a clear understanding of cerebral 
anatomy is neces s ary .  
The nomenclature o f  the cerebral sulcal pattern of 
prosim ian primates is var ied (Table II) . Different terms 
are g iven to the s ame sulcus and different sulc i have the 
same names. In order to estab l ish a nomenc lature for thi s  
study and t o  select discrete cortical areas from which to 
study sp inal projec tion s ,  "the external morphology of the 
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availab le member s of family Loris idae was examined 
(Haines et al . ,  1974) . 
The pal l ium is cla s s ically divided into three cortical 
area s based on phylogenetic and cytoarchitectonic 
con s iderations . The bldes t midl ine r ing of cortex is the 
arch ipal l ium ( arch icortex) . The lateral cortex , assoc iated 
with ol factory connec tions , is the paleopal l ium 
(paleocortex ) . The new cortex , or neocortex, expands 
dorsally between the older , less developed , arch ipal l ium 
and the paleopal l ium . The neocortex is separated from the 
arch icortex by the c ingulate sulcus and from the 
paleocortex by the rh ina l  f i s sure . 
The prosirnian neocortex generally fol lows the concept 
of gyr i f icationlO when compared across phylogeny , although 
th is concept cannot be seen within the family Lorisidae . 
Whereas the lorisoids (pottos and lorises ) and the larger 
galagos (Q. crass icaudatus)  are about equal in body s ize , 
the neocortical development of the lorisoids is more 
complex and varied than that of Q. cras s icaudatus . The 
pros imian cortex is a l s o  les s gyrencephal ic than the larger 
lOThe var iety and number of grooves and sulc i are 
d irec tly proportional to anima l  s ize, 
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TABLE II 
The cerebral cortical nomenclature and abbreviations 
used in this investigation are listed in the first column 
on the left . Synonymous terms and their literature origin 
make up the remainder of the table . 
NOMENCLATURE USED IN 
PRESENT STUDY G. ElLIOT SMITH (1903) 
Sylvian complex - Antf-tany (1913) I Sylvian fiuur. 
(pMudorylvian ondwprasylvian) 
Orbital wlcus I Sulcusarbitali. 
Sulcu.rectus I Coranol sulcus 
SYlcus"." I Sulcus"x" andsulcu. "y" 
SYlcus"c" I SYlcus"r' 
C.ntral sulcus I Sulcus "fU loinedwith 
lUicusMx"+"y· 
Intrapari.talsulcus I lat.ralwlcu. 
ip. 
Superior tem�:� sulcus I PClltsylvian sulcus 
Middl. t.mporal sulcus 
t.m. 
C. J. CONNOLLY (1950) 
Sylvian fiuur. 
(pMudalylvian and wpnnylvian) 
Sulcus orbitali. 
Sulcus r.ctUI 
Sulcus ..... 
Sulcus"c" 
,6,grH1with Zi.han 
Intrapari.talwlcus 
SYperior temporal sulcus 
Parall.lwlcus 
Middl.,.mporal wlcus 
OTHER 
lateral fi.ure 
·Presylvian;pr.c.ntral,PafIKh 
*lnf.ro-frontal,8eddord (1895) 
*Prec.ntral .ulcu.,Flatau and 
Jacabsohn (1889) 
*SYpero-frontal sulcu., Flower (1866) 
Angular wlcus, Beddard (1895) 
*Pr.sylvian sulcu.,a.ddard (l895) 
**SYlcus"c" + sulcus "."=c.ntral 
Zi.han(1896); pr.c.ntralwlcus, 
Flatau and Jacabsohn (1889) 
*Angular, 80ddard (1895) 
*Ant.ratemp«al, Beddard (1895) 
fint t.mporalsulcus 
*lnf.riOf' temporal wl"cus, Ziehan(I896) 
**Second temporal sulcus, Flatau and 
lacabsohn{I889) 
Occipito-temporal sulcus 
oct. 
SYlcus "c" I Inferior temporal sulcus Third temporal sulcus 
occiplto-temporalsulcu. 
Collat.ral sulcus 
col. 
lunot. sulcus 
I. 
lat.ralcalcariMsulcul 
Ie. 
Rectus communicatirtgsulcus, 
Sonidesand Krishl"llmlJrti (1967) 
Diagonal sulcus 
di. 
Cingulatesulcus 
Genuol sulcul 
II-
Calcarl .... sulcus, para- and 
r.trocolcariMsulcus 
Sulcus"d" 
·citedbyG. Elliot Smitf-t, 1903 
**ciledby C. J. Connolly, 1950 
Collat.ralsulcus, sulcus "b" I Collat.ral sulcus I *SYlcus gamma, Zi.han (1896) 
PCllt.r1or lol.ral .ulcul I Trans'ltlrM�clpltal, *loteral pori.to-occipital sulcus and 
IUMt. sulcul simion sulcul, 8eddord 1895 
.x .fTICl)(pari.to-occipitol sulcus 
lat.ral occipital sulcus lat.ral calcarine (Ingalls) **Occipital diagonal )'PIilifOl1NSSUlcus, 
ex t.mal calcar\M (Cunnlr'lgham) Koppers; trirodJatus, lal"ldau; superior 
occipitalsulcus,FlatouandJacabsohn 
(1899) 
Hx"and"y"loining coronai sulcus I Sulcus·." Joined to sulcus rectus I *Inlero-frontal, Beddard(I895) 
b y vascular groov. 
Dlagonolsulcus 
Int.rcalorysulcus 
Genuolsulcus, rClltrai sulcus 
Colcarlnesulcus, para- and 
retrocalcoriM 
Sulcus"dU 
CallOlOlTlOrglnol sulcus 
Colcarl .... sulcus, para- and 
retrocolcarlne 
Inters.omatic sensory sulcus, Krishnomurti(1966) 
Cil'lgUlat.sulcus 
w 
VI 
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anthropoid primates; however , there is some evidence of 
specific cor tical development . 
The family has a dis tinct cortical sulcal pattern 
around the Sylvian complex (Fig . 1 ) . This pattern is 
seen in the development o f  the intraparietal sulcus and 
the deep superior temporal groove . A tri- radiate 
depression is presen t  in the frontal lobe and a 
transverse groove courses through the occipital lobe 
(Fig . 2 ) . E s sen tially the s ame cortical pattern is seen 
in the greater gal ago; however , the individual elements of 
the pattern are more separate and distinc t .  On the frontal 
lobe, there is a dis tinct sulcus rectu s ,  sulcus "e" and an 
orbital sulcus . A hint of a "central depression" can also 
be seen in some specimen s .  The intraparietal sulcus extends 
wel l  over the termination of the Sylvian complex and a 
trans ver se groove courses the occipital lobe (Fig . 3) . 
The larger member s of the family have a more complex 
sulcal pattern an� , con sequentlYrmore variations are seen . 
Whereas the sulci tend to unite in these larger prosimian s ,  
the maj ority o f  sulci remain in the sagittal plane , 
although there are a few located coron a l ly (Figs . 2C , D 
and 3C , D) . 
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F IGURE 1 
Photomacrographs of the b ra in s  of (A) the greater 
galago , Galago crass icaudatus , and (B)  the s low lor i s , 
Qycticebus coucang .  Note the increas e  in the var iety 
and number of sulci in the hemisphere of the s low lor i s . 
The intraparietal ( ip) is continuous w ith the Sylvian 
complex (Syc) and sulcus " e "  ha s both a hor izontal and 
vertical component .  Abbreviation s are l isted in Table II.  
X 3 
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F IGURE 2 
Dorsal views of the cerebral hemispheres of (A) 
les ser galago , Galago senegalens is , (G . s )  7 (B)  greater 
galago , Galago cra s s icaudatus ( G . c . )  i (C ) slow lor i s , 
BYcticebus .coucang (N . C . )  i and (D) the potto monkey , 
Perodicticus potto ( P . p . ) . F igure abbreviation s are 
explained in Table I I .  S eale = 0.5 em. 
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FIGURE 3 
Line drawings to scale of the lateral aspect of the 
cerebral hemispheres of (A) les ser galago , ( G . s . ) ;  
(B) greater galago , ( G . c . ) ; (C ) s low lor is , (N . c . ) ; and 
(D) the potto monkey, ( P . p . ) . Note the increase in the 
nu.mber of coronally oriented sulci in loris and potto . 
Ip- all these animal forms the cortical sulcal pattern 
defines the somatotopic organization of the cerebral 
cortex . In the slow loris , sulcus " c "  separates the dorsal 
hindlimb cortex from the more lateral forearm cortical 
area . The horizontal component of sulcus " e "  separates the 
forearm cortex from the more latera l  cortex which represents 
the face . (sanides and Kr ishnamurti,  1 96 7 ) . Abbrev iations 
are listed in Table I I . Scale = 0 . 5  cm . 
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On the dorsolateral sur face of the frontal lobe , 
sulcus " e "  is composed of a vertical and a horizontal 
component in the loris . In the potto monkey, a true 
central sulcus divides the motor- sen sory cortex . Sulcus 
rectus connects sulcus "e" and the orbital sulcus in loris; 
and in pott o ,  the Sylvian complex is continuous with the 
intraparietal sulcus (Figs . 2C , D ) . 
On the mesial cortical sur face all the lorisoids have 
a l ong intercalary ( cingulate) sulcus which extends from 
the fronta l  to the occipital lobe (Fig . 4 ) . The 
sulcus branches rostral ly in potto (Fig . 4D) , whereas it 
continues as a groove to the paracalcarine s ulcus in 
greater galago and loris ( Figs . 4B , C ) . In les ser galago 
the in tercalary sulcus j oin s the paracalcarine direc tly 
(Fig . 4A) . The calcarine complex is similar in these 
prosimians and consists of a tri-radiate pattern . The 
parac alcarine appear s  as a continuation of the intercalary 
in Galago but is directly superiorly in loris . The 
retrocalcarine sulcus extends toward the occipital pole as 
a common feature in a l l  members of the family .  The 
ventrolateral cortex is interrupted by the rhinal fissure . 
The fissure ' s  anterior division is shallow in Galago but 
more definite in the la rger animal s .  'l.'he posterior 
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F IGURE 4 
Line drawings to scale of the medial a spect of the 
cerebral hemispheres of the four Lor i s idae shown in 
F igures 2 and 3 .  Note the triradiate appearance o f  the 
calcarine complex . In the galagoes ( upper two f igure s )  
the cingulate sulcus ( c g )  i s  continuous with the 
paraealearine (pc) . Abb reviation s  are l i s ted in Tab le I I .  
Scale = 0 . 5  em . 
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divis ion is attenuated caudally and s eparate s the temporal 
neocortex from part of the pal eopal l ium (piriform lob e )  
(Fig . 2 ) . 
2 .  Cytoarch itecture 
Nis s l  preparat ions 
The pr in c ipal cytoarch itectura l feature s that 
distinguish the motorsen sory cortical areas in Ga lago are : 
( 1 )  a reduct ion in the th ickn e s s  and clarity o f  the inner 
granular layer ( IV) , and ( 2 )  with in laye r V, a gradual 
increase in the s ize and number of pyramidal cells ( F ig .  5 ) . 
These fea tures are most pronounced in area g igantopyramida l is 
and taper off both rostra l ly into the granular frontal 
cortex and caudal ly into the granular sensory cortex of the 
pa rieta l lobe . with in the motor cortex , there are no 
dist inct ive fea tures in layer I .  The outer granular layer 
(II)  is ill-de f ined and merges w ith the sma l l  pyramidal 
c e l l s  of layer I I I .  Laminas I I  and III then make a broad 
homogeneous cort ica l band with its most superfic ial cells 
sta in ing more inten s e ly with bas ic dyes (Fig . 5D) . The 
inner granular layer ( IV) is moderately well de fined and is 
composed of sma l l  granule c e l l s . The internal pyramidal 
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F IGURE 5 
Low power photomicrographs of coronal sections through 
the (A) rostra l ,  (B ) middle , and (C ) caudal motor cortex 
(area 6 )  of the les ser ga lago , Galago senegalen s i s . (D) is 
a section from the rostral motorsen sory amalgam ( a rea 4) while 
( E )  is through the caudal motor sensory overlap ( area 3 - 1- 2 ) . 
Throughout the motorsensory cortex note the increa se in cell 
dens ity at the interface of layer I and I I  and the fus ion of 
laminro I I  and I I I . There is a gradual increa s e  in cel l s ize 
in layer V (A-C)  which reaches its maximum in area 4 (D) . 
Although there is a di stinct lamina IV in (D) , the internal 
granule cel l s  of layer IV increa se s igni f icantly in ( E ) , 
and produce an ab solute increa se in cortical depth . 
I - molecular layer , II - externa l  granular layer , 
I I I  - external pyramidal layer , IV - internal granular layer , 
V - internal pyramidal layer , VI - fus iform layer . The 
plane of section for A-E is shown on F igure 8C . 
C resylv iolet acetate . X 100 . 
48 
4 9  
l ayer (v) is a l so we l l  de l ineated b y  a lack of stainable 
c e l l s  beneath layer IV super iorly , and inferiorly , by the 
sma l l  pyramidal c e l l s  in l ayer VI (Fig .  5E ) . The fifth 
layer ( V) is composed of medium to large pyramidal c e l l s  
w ith o n l y  a n  occa sional g iant c e l l  of Betz . The large st 
cel l s  mea sure not greater than 50 micra , the maj or ity 
reach ing 3 5 -40 mic ron s (Fig . 6 ) . 
Th is pattern of cytoarch itecture is carr ied into the 
somatosen sory cortex in Galago , without any sharp l ine of 
demarcation . There is a progres s ive invas ion of granule 
c e l l s  into layer IV, whereas layer V is relatively unchanged . 
The princ ipal difference i s ,  then , an increase in the cell 
dens ity in lamina IV re sulting in a total increa se in 
cortical th icken ing . 
Golgi Preparation s  
s tud ie s o f  material stained with the Golgi-FOX 
techn ique reveal the same fu s ion of supraganglion ic layers , 
seen in the N i s s l  preparat ions ( F ig . 6 ) . with in layer I ,  
n o  horizontal c e l l s  of C a j a l  are seen , although vertical 
and obl ique ly runn ing f ibers enter the l ayer from lower 
lamina . Layers I I ,  I I I  and IV are composed of sma l l  
pyramidal c e l l s  with only occas ional stel late cells present . 
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F IGURE 6 
High power photomicrographs of Golgi-Fox preparations 
of the motorsensory cortex in Galago senegalens i s . Granule 
and stel late cells are pre sent in the upper hal f o f  the 
f ield in (A) . X 450 The large pyramidal cells of layer 
V in (A) are sl ightly magn i f ied in (B) . X 5 0 0  Note the 
long smooth apical dendr ite proj ecting from the top of the 
cell body and the irregular basal dendritic processes 
f i l l ing the lower hal f of the f ield . Z inc-chromate 
modification of the Golgi method . 
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In the gangl ion ic layer (V) , large spine l e s s  dendr ites are 
found to orig inate from the ba s e  and apex of pyramidal 
c e l l s  ( F ig .  7A ) . Dista l ly , numerous spines appear on the s e  
dendr ite s ;  the spin e s  inc rease i n  number as the dendr ites 
branch ( F ig .  7 B , C ) . 
B .  c ort ical Project ion to the Cord 
1. Les ions (Galago s enega l en s i s )  
a .  cortical origin of spinal projection s and 
the ir cour s e  through the brain s tem 
In order to determine the or igin of 
corticosp inal pro j ection s in the bushbaby , cerebral 
cortical l e s ion s  were placed over the entire dorsal 
convexity o f  the anter ior two- th irds o f  the left cerebral 
hemispher e . The locat ion and extent o f  the s e  surgical 
intervention s are shown in F igur e  8 .  Les ion s which d id not 
produce s ta inabl e  degenerat ion at cord leve l s  are shown in 
F igur e s  9 and 11 . The moto r s en sory cortex is , there fore , 
wel l de f ined w ithin the margin s o f  l e s ions 5 - 9 ,  3 - 4 ,  4- 7 ,  
9- 9 and 1 0 - 1 2  ( F igs . 10 , 1 1 ) . Degeneration i s  den se 
throughout the spinal cord f rom large motorsen s ory l e s ion s 
( le s ion 1- 9 ,  F ig .  1 0 ) , whereas deb r i s  is more moderate from 
s e lective l e s ion s ( le s ion 2 - 1 0  and 8- 1 1 ,  F ig .  1 0 ) . No 
s ta inab le degenerat ion is pre sent in cord s egments from 
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F IGURE 7 
H igh power (oil immers ion) photomicrographs of the 
large pyramidal cell in F igure 6 , B .  The proximal portion 
of the ap ical dendrite is smooth (A) in contrast to the 
basal dendrites which have numerous spiny proj ections . 
X 750 . Distally ,  the apical dendrite accumulates 
�roj ection s ( B )  and the spines on terminal branches acquire 
bulbous ends (C ) . X 1000 . Z inc-chromate modi f icat ion of 
the Golgi method . 
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F IGURE 8 
compos ite drawings of cerebral cortical les ions in 
Galago senegalen s is . (A) dorsolateral v iew ; ( B )  dor sal 
view . The second digits in (B) indicate the survival time s 
for each lesion .  The schematic diagram ( C )  is drawn from 
the cytoarch itectural maps and electrophys iolog ical studies 
of Von Bonin ( 1 94 5 )  and Kanagasuntheram et a l .  ( 1 96 6 )  and 
the results of the pre sent study . The motorsen sory cortex 
of Galago has a ros tral predominantly motor area (Ms ) and a 
caudal somatosensory area (Sm) . X 2 . 6 .  
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l e s ion s  of the frontal pole ( l e s ion 5 - 9 ) , nor f rom the 
dorsolatera l mar g in of the dorsal convex i ty ( le s ion s 3-4 ,  
4�7 , and 9- 9 ,  F i g .  9 ) . Le s ion 1 0 - 1 2  ( F i g .  9 )  was placed 
over the dor sal t e rm ination o f  the Sylv ian complex in 
order to determine the c auda l  extent o f  the cortex wh ich 
g iv e s  r i s e  to spinal p ro j e ct ion s . Terminal deb r i s  is not 
found in cord s egments from th i s  cort ical l e s ion . 
F rom l e s ion s  wh ich p roduce s ta inab l e  deb r i s  in cord 
s egmen t s , degenerat ing f ib e r s  c an be traced through the 
subcortica l wh ite matter to the ant e r ior l imb of the 
internal c apsule ( F ig .  1 3A) . Corticosp inal fib e r s  occupy 
much of the c e r ebral pedun c l e  w ith only sma l ler 
non-corticosp ina l bun d l e s  located latera l ly ( F ig .  1 3 B ) . 
Deb r i s  is not con f in e d  to any d iv i s ion of the pedun c l e ,  
b u t  the r e  is e viden c e  f o r  s eparate l emnisc i and nebulae 
( F ig .  1 3 B ) . The deb r i s  is then spr ea d  over the dor s a l  
h a l f  o f  t h e  basal pon t ine nuc l e i  b e fore forming a dense 
core o f  degeneration in the ips i latera l  pyramid which 
extends to the cauda l  medu l l a  ( F ig .  1 3C , D , E ) . The f ib e r s  
i n  the pyramid do n o t  surpa s s  four mic ra i n  diameter , and 
mos t f ib e r s  are l e s s  than two micra in the lateral 
fun iculu s . At the caudal medu l la an incomple te decus sation 
occur s .  A ma j o r  c ro s s ed component cou r s e s  dor s olate ra l ly 
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F IGURE 9 
Line drawings that locate the areas of cortical 
les ions which , al though they produce degenerating debris 
in the brain and brainstem , do not produce degeneration in 
spinal cord segments . Therefor e ,  the s e  les ions de f ine the 
l imits of the cerebral cortex which gives r ise to 
corticospinal proj ections in Galago senegalen s i s . X 1 . 8  
5 9  
5 - 9  3- 4 
4-7 9 - 9  
1 0 - 1 2  
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F IGURE 10 
Line drawings of cortical le s ions which produce 
stainable degeneration throughout the spinal cord o f  
Galago senegalens is . Le s ion 1-9 involves mos t  of the 
motor sensory anialgam . Le s ion s 2 - 10 and 8- 1 1  involve a 
dorsomedial area presumed to inc lude the somatotopic 
hindl imb motor cortex (Ms ) . Le s ion 6-11 involve s  the 
fore l imb and hindlimb cortex of the somatosensory area 
(Sm) . The an imal with cortical les ion 8- 1 1  was a l s o  
sub j ected t o  a peripheral nerve tran section o f  the maj or 
terminal branch from spinal cord s egments LS I L6 and S l 
(the sciatic nerve) . X 2 . 0 
6 1  
1 - 9 2 - 1 0  
8 -11 6 -11  
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FIGURE 1 1  
Photomacrographs o f  le s ion s i n  the motorsen sory cortex 
o f  Galago senegalensis . (A) shows a les ion in the 
dorsolateral motor cortex , the presumptive face cortical 
area . (Brain 9- 9 of Fig . 9)  X 1 . 5  Th is les ion did not 
produce degeneration in the segments o f  the spinal cord . 
( B )  a les ion of the dor somedial motor cortex (h indl imb 
cortex) , produc es degeneration which terminates 
predominantly in the lumbosacral enlargement . (Bra in 8- 11 
Fig . 1 0 )  X 1 . 5  The cortical les ion in ( C )  i s  an attempt 
to de fine the most caudal cortical tis sue which proj ects long 
de scending fibers into the spinal cord . Thi s  les ion did not 
produce degeneration in sp inal cord segments . (Brain 10- 1 2  
F ig .  9 )  X 2 . 2 (D) higher power photomacrograph of a second 
hindl imb cortical les ion (Brain 2 - 1 0 , F ig .  10) which a l s o  
proj ects selectively t o  the lumbar intumescence . X 4 . 7  
(E)  a les ion in the sen sory portion o f  the motorsensory 
amalgam ( 8m) produce s  degeneration which is con fined to the 
dor sal nuc lei in the dor sal horn of the spinal cord . X 4 . 7  
(F)  two dis tinct les ion s o f  the frontal pole we re made in 
order to avoid the terminal distribution of the anter ior 
cerebral artery (open arrows ) . The groove , made by the 
a rtery , is seen at the solid arrow . X 4 0 7  
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F IGURE 12 
Photomicrographs of 40 micra coronal sections through 
les ions of the motorsensory cortex of Galago senegalen s i s . 
Following survival time s of (A) 10 days and ( B )  1 1  days , 
extens ive gl ios is is seen fill ing the area where subp ial 
aspiration removed the upper five lamina in (A) and the 
upper six layers in ( B ) . Note that the l e s ions des troy 
the large cells of lamina V, cells  which are known to 
proj ect long descending fibers to the spinal cord . 
Cresylviolet acetate . X 100 
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F IGURE 1 3  
Degenerating debris is pre sent in the anter ior l imb o f  
internal capsule in (A) . X 3 5 . eN-caudate nuc l eus ; 
LV-lateral ventricle . The closed arrows (�) mark the l imits 
of degenerating fibers of pas sage ; the open arrows point to 
normal fiber bundles . The same degenerating fibers of 
passage c an be seen filling two- th irds o f  the cerebral 
peduncle in (B)  and cours ing the bas ilar pons in ( e ) . X 3 5 . 
The c losed arrows del ineate the debris in ( B )  and (e )  whereas 
the open arrows po int to normal fiber bundl es . The 
degenerat ing fibers cour se the left medul �ary pyramid in 
(D)  and cross to the contralateral s ide in the pyramidal 
decussat ion of the caudal medulla ( E ) . X 100 . IO- in ferior 
ol ivary nucleus ; DEG-degenerating f ibers o f  pas sage � 
NOR-normal fiber bundles . F ink-He imer me thod . 
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t o  form a l arge tract in the dorsal part o f  the lateral 
fun iculus . A sma l l e r  bundle rema in s ips ilateral to the 
l e s ion and descends as a sulcomarg inal tract in the 
ventral fun iculu s .  Ther e  is no e vidence of ip s ilateral 
latera l or dor s a l  trac t s , nor are intracommis sural 
bund l e s  pre s ent . 
b .  Pos it ion , extent and terminat ion o f  
cor t ic ospinal f ibers 
A fter l arge l e s ions o f  the motorsensory 
cortex , a large contralateral tract in the dorsal part o f  
the latera l  fun iculus i s  found t o  extend the l ength of the 
cor d .  A sma l l e r  ips ilateral tract in the ante r ior 
fun iculus can b e  followed into upper lumb a r  segments 
( F ig . 1 4 ) . C ontralateral f iber degeneration of the 
cervic a l , thora c ic ,  lumbar , and sacral segments is : 
( 1 )  heavi e s t  in the interna l bas i l ar region o f  the dor sal 
horn ( F ig s . 14 , 15 )  inc luding nuc leus proprius cornu 
dor s a l i s  and nuc l eus cornucommis sural is dor s a l i s  
( laminas IV, V ,  V I ) ; ( 2 )  moderate i n  zona intermedia 
( l amina VI I ) ; and ( 3 )  spar s e  in nucleus motor ius medial i s  
a n d  lateral is ( lamina s VI I I, I X )  ( F ig . 1 4 ) . Moderate debris 
ips il ateral to the l e s ion is a l so found in nuc leus motor ius 
media l is and nuc leus cornucommis sura l i s  ventra l is . 
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FIGURE 1 4  
Line drawing t o  illustrate the distribution of 
degenerating debris in r epre sentative spinal cord segments 
following a les ion of the maj ority of the motorsensory 
cortex in Galago senegalen s is . F ibers of passage are 
represented by heavy dots , terminal degenerat ion by fine 
s t ippl ing . The area of heavie s t  debris is in the internal 
bas ilar reg ion of the dor sal horn . Moderate debris can also 
be seen in the medial nuc lei of the ventral horn ip s ilateral 
to the lesion .  Brain X 2 . 2 ;  Cord segments . X 1 6  
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Degen e rat ing f ib e r s  r each the s e  ip s il atera l  nuc l e i  e i ther 
from the lateral trac t ,  having c ro s s e d  the ventral gray 
c omm i s sur e ,  or from the ips ilateral ventral tract d ir ectly 
( F ig . 14) . The r e  i s  no e v idence o f  terminat ion s contacting 
c e l l  s oma in Wal deye r ' s  marginal nuc leus , sub s tantia 
gelatinosa , C l arke ' s  column or the intermediate 
thoracolumbar nuc le i .  
D i s c r e te cortical l e s ions near the midl ine on the 
dor sal convexity p r e sump t ive h indl imb area ( l e s ion s 2 - 1 0  
a n d  8- 1 1 ,  F i g .  1 6 ) produ c e  l ittle or no degenerat ion in 
c ervical or thorac ic gray . Den s e  terminal degeneration is 
p r e s ent on ly in the s e gments of the l umbar enlargement a t  
the b a s e  o f  the dor s a l  horn . D eb r i s  i s  heavy i n  the med ia l  
h a l f  o f  nuc leus prop r ius cornu dor s a l is a n d  c ontinue s 
medial ly in to the dor s a l  comm i s sural nuc leus ( F ig . 1 6 ) . 
F ib e r s  o f  p a s s age c an a l s o  be traced acros s the ventral 
gray commis sure to end in the ips ilateral ventral 
c omm i s sural nuc leus and in the medial half o f  the ventral 
horn . 
Le s ion s of somatosensory cortex , inc luding parts of 
both h indl imb and for e l imb areas ( le s ion 6 - 1 1 , F ig .  18)  
p roduce den s e  degenerat ion in all cord segments . However , 
the den s e  band o f  degenera t ion in the dor s a l  horn is 
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F IGURE 1 5  
The low power photomicrograph at ( A )  is the same 
section (Tl) from wh ich the preceding f igure was traced 
(Fig . 1 4 ,  Tl- les ion 1- 9)  X 5 0 . The box in (A) is magn ified 
at (B)  X 160 . The medial cells of the dor s a l  proper nucleus 
are again shown in (c) X 3 1 2 . Note the abundant debris 
throughout the field as we l l  as the apparent terminal debris 
associated with medimn and large neuron cell bodie s 
( indicated by the th ree open arrows ) . F ink-Heimer method . 
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F IGURE 16 
Line drawing to illus trate the distr ibution of 
degenerating debris in representative spinal cord segments 
fol lowing a les ion of the dorsomedial motor cortex 
(presumptive h indl imb area) o f  Galago s enega lens is . There 
is l ittle or no degenerat ing debris in cervical and thorac ic 
cord segments .  Note the pattern of terminal debris which 
is only seen in the segments of the lumbosacral enlargement 
( L4 ,  L5 , L6 and S l ) . Brain X 2 . 2 ;  Cord segmen ts X 16 . 
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F IGURE 1 7  
Photomicrograph (A) shows f ibers of pa s s age cour s ing 
through the ventral gray commis sure . X 1 0 0 0 . The s e  f ibers 
will terminate in the medial nuc l e i  o f  the ventral horn 
ipsilateral to the le s ion . The s e  medial nuc l e i  (nuc . 
cornucommissularis ventra l is and nuc . motor ius media l i s )  
a l s o  receive input from the ips ilateral ventral tract in 
( B ) . X 400 . Te rminal debris can be seen a s s oc ia'ted with 
a large motor neuron in nuc l eus motoris med i�l i s  in ( C ) . 
X 1000 . F ink-He imer method . 
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sh ifted dor sa l ly toward sUb s tant ia gelatinosa ( F igs . 1 8 , 1 9 ) . 
Terminal deb r i s  is c oncen trated in the dor s a l  region s o f  
nuc leus prop r iu s  c ornu dor s a l i s  ( F ig . 1 9 )  and extends 
ventrally only to the dor s a l  comm i s sural nuc leus . 
Degener a t ing deb r i s  is found in sub s tant ia ge latinosa , but 
the pres ence of term in a l s  i s  e qu ivocal . The degenerat ion 
from s oma to s en sory cortical l e s ions doe s  not extend 
ventr a l ly into the z ona intermedia ( F ig .  1 9 ) . 
2 .  Les ion s (Gal ago c r a s s icaudatus ) 
S e le c t ive l e s ion s a l s o  were placed in two 
d i f fe rent cortical areas of the th ickta iled bushbaby, 
Galago c r a s s icaudatus ( F ig . 2 0 ) . Earl ier experimental data 
d id not c l a r i fy the l ocat ion o f  for e l imb and h indl imb 
cortical areas w ith re spect to cortic al sulcal pattern s 
( C ampo s-Ortega and C luve r ,  1 9 6 9 ) . Therefore , l e s ion s were 
placed e i th e r  in the midl ine cortex o f  the dor s a l  c onvexity 
(pr esumpt ive h indlimb are a ) , or on the dorsal bank of sulcus 
li e I I  ( F i g . 2 0 ) . 
Degen erating deb r is is found in the c ontralateral 
lateral fun iculus ; howe ve r ,  no ventral tract i s  found from 
the se l e s ion s . From presumptive h indl imb area l e s ion s , 
f ib e r s  bypa s s  the cervical intume scence and the thorac ic 
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F IGURE 18 
Line drawing to illustrate the distribut ion of 
degenerating debris in representat ive spinal cord segments 
following a les ion of the somatosensory cortex in Galago 
senegalens is ,  ( l e s ion 6- 1 1 ,  Fig . 8 ) . Note that the 
den se band of degenera ting deb r i s  is sh ifted to the dor sal 
region s of the dorsal horn . There is l ittle or no debris 
in either zona intermedia or in the nuc l e i  o f  the ventral 
horn . Brain X 2 . 2 ;  Sp inal cord segments . X 16 . 
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F IGURE 1 9  
The low power photomicrograph at ( A )  is the same 
section (Tl) from which the preceding f igure was traced 
(Fig . 18, Tl- l es ion 6- 1 1 ) . X 5 0  F ink-He imer . The box 
in (A) is in the dorsal aspect o f  the proper dor sal nuc leus 
and j us t  ventral to the sUb s tant ia gelat inosa . In ( B )  note 
the dense preterminal debris in the upper half o f  the field.  
X 160 . The boxed area in ( B )  is magn i f ied in ( e ) , X 3 1 2 ,  
where terminal debris can b e  seen a s s o c iated with the c e l l  
bodies of sma l l  and medium- s ized neuron s . F ink-He imer 
method . 
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F IGURE 2 0  
Line drawings and photomacrographs of les ions i n  the 
thicktailed or greater galago . In (A) and (B)  a cerebral 
cortical l e s ion can be seen in the dorsomedia l , pre sumptive 
h indl imb h indl imb area of the greater galago , Galago 
crass icaudatus . Th is l e s ion produced stainable degeneraion 
that was con fined to the segment s  of the lumbar enlargement 
( s ee Fig .  2 1 ) . The l e s ion , shown in ( C )  and (D) , is  on the 
dor sal bank of sulcus " e " . If th i s  sulcus divide s  the more 
lateral face cortical area from the for e l imb cortex , then 
th is les ion should produce selective degenerat ion only in 
the cervical enlargement ( s ee F ig .  2 2 ) . 
( B )  Xl ; ( C )  X 1 . 5 ;  (D) X 1 . 4 .  
(A) X 1 . 5 ;  
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g r a y  to e n d  i n  the s e gments o f  the lumbosacral 
enlargement ( F ig .  2 1 ) . Deb r is is heavie s t  in internal base 
o f  the dor s a l  horn and extends wel l  into z ona intermedia . 
F ib e r s  of pas sage a l s o  c an be traced through the ventral 
gray c omm i s sure and b ilaterally into the medial nuc l e i  o f  
the ventral horn , nucleus cornucomm i s sural is ventralis and 
nuc leus motor ius medial is . 
From a l e s ion in the dors a l  bank of sulcus " e " , a 
pre sumpt ive fore l imb are a , f ibers terminate only in the 
s egments of the cervical enlargement .  No stainable deb r i s  
i s  pre s en t  b e l ow the s egments of the c e r v i c a l  enlargement . 
Th is somatotop ic organizat ion is s imilar to the proj ec tion s 
from the forel imb cortical area in the l e s s e r  galago 
(Goode and Ha ine s ,  1 97 3 ) . Distribution of pre- terminal and 
term inal deb r i s  is s imilar to that previously de scr ibed in 
the l e s s er bushbaby ( F ig .  2 2 ) . 
C o  Term ination o f  cortical proj e c t ions : spec ial 
topic s 
As a corol lary to the d e s c r iption of terminal s  
a s soc iated with the l amina of the spinal c o r d  or within 
spec i f ic nuc l ear groups , two additional s tud ies sought to : 
( 1 )  loc a l ize spec i f ic motor nuc lei in the ventral horn by 
s tudying chromatolyic e f fects due to pe r ipheral nerve 
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F IGURE 2 1  
Line drawing t o  il lus trate the pattern of preterminal 
and terminal debr is in a repre sentat ive section (L5 ) from the 
lumbosacral enlargement, fol lowing a dor somedial cortical 
les ion (hindlimb area) in Galago c ra s s icaudatus . F ibers o f  
pas sage a r e  repre sented b y  heavy dots , term inal deb r i s  by 
fine stippl ing . Degenerat ing debris is concentrated in the 
medial nuc l e i  of the b a s i lar dorsal horn , nuc leus propr ius 
cornu dor salis and nuc leus cornucommis sural i s  dorsalis . 
Moderate debris is found in z one interme dia but become s 
scattered in the ventra l horn contralateral to the l e s ion . 
Although there is no degeneration in a ventral corticospinal 
trac t ,  fibers recross through the ventral gray commis sure to 
innervate the medial nucle i of the ventral horn ips ilateral 
to the l e s ion ( i . e .  ventral commis sural nucleus and the 
ventra l motor nuc l e i ) . Brain X 1 . 3 ;  Cord s egments X 15 . 
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F IGURE 2 2  
Line drawing t o  il lustrate the pattern o f  
degenerating debris found on ly in the c ervical enl argement 
(C5-Tl ) following a cortical les ion of the dorsal bank of 
sulcus " e " ,  Galago cra s s icaudatus . Ther e  was l ittl e  or no 
debris in spinal cord s e gments b elow C 8 ,  indicating that 
th is l e s ion was placed in the cortical fore l imb area of 
the greate r galago . Brain X li Spinal cord X IS . 
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F IGURE 2 3  
Photograph ( A )  shows the in ferior extremities and ta il 
of a lesser galago , Galago/ senegalens is . A midfemoral 
transection o f  the sc iatic nerve ( in galago , the main 
contribution is from LS , L6 and S l )  produce d  a flacc id 
paralysis of the leg and subsequent atrophy o f  the muscle s 
of the l eg and foot wh ich were thereby denervated . Th is 
animal wa s also s ub j ected to a dorsomedial h indl imb 
cortical les ion four teen days a ft2r . the nerve transect ion . 
Chromatolyt ic cells were found in the lateral and 
dor solateral motor nuc l e i  of L5 and L6 . ( B )  is a 
photomic rograph of t.hree neurons from the lateral motor 
nuc l eus wh ich display the charac ter i s t ic s  of chromatolys is . 
C r c s y l v i o l ct a c etat e . X 1 0 0 0 . 
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t r ansect ion a n d  ( 2 )  demon s trate by G o l g i  impregnat ion 
s tudie s the dendr i t ic arbor of neuron s  which receive 
cortical input . 
1 .  Chromatolys is 
A mid- femoral tran s ect ion o f  the s c ia t ic nerve 
produce d  s evere a trophy in the mus c l e s  o f  the leg and foot 
in g a l ago G8A ( F ig . 2 3A) . In addit ion , 25 days follow ing 
the tran s e c tion , chromatolytic c e l l s  were found in s everal 
o f  the lateral motor nuc l e i  of the ips ilateral ventral horn 
of L5 and L6 ( F ig .  2 3B ) . 
The chromato lyt ic r eac tion is repre s ented both by 
swe l l ing o f  the neuron ce l l  body with d isplacement of the 
nucleus toward the periphe ry ,  and by dispers ion and 
d i s solut ion of the N i s s l  sub s tance , f i r s t  centrally,  then 
p e r ipher a l ly . S everal o f  the s e  s tage s are s een in th i s  
s tudy ( F ig . 2 3B ) . The locat ion o f  the s e  c e l l s  is i n  the 
v entrolateral and dor solateral motor nucl e i  of the ve ntra l 
horn ( F ig . 2 4 ) . The ventro- and dor solateral motor nuc l e i  
proj ect p e r ipherally to innervat e  mainly d i s t a l  appendicular 
mus c ulature ( Sprague , 1 948) . 
In addition to a per iphe ral ner ve l e s ion , thi s  an imal 
(G8A )' wa s a l s o  sub j ected to a l e s ion of the cerebral 
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F IGURE 24 
Line drawing of a representat ive s ec tion from the f i fth 
lumbar spinal segment in Galago senega lens is . Rexed ' s 
lamina s are drawn on the l e f t  half of the f igure . Lamina 
VI I I  conta in s th e ventral commis sura l nuc l eus and th e 
medial motor nuc leus . Lamina IX contains the lateral motor 
nuc l e i . The sma l l  cross ha tch ing (X) repres ent the terminal 
pattern of corticospinal fibers in Galago . The c losed 
arrows ( A )  repres ent the locat ion of chromatolytic neuron 
cell  bodies in the lateral and dorsolateral motor nuc le i .  
X 1 5 . 
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cortex , wh ich , in previous exper iment s  inc luded in th i s  
s tudy , produced degenerating deb r i s  only i n  the 
lumbosacral enlargement . Terminal deb r i s  in G8A is a l s o  
c on f ined to the lumb a r  enlargement b u t  it i s  on ly 
occas ion a l ly a s so c ia ted with nuc l e i  which c ontain 
chromatolyt ic neuron s . In c ontra s t ,  moderate debris i s  
f o un d  i n  the med ial nuc l e i  o f  the ventral horn which g ive 
r i s e  to dor s a l  pr imary rami that s upply axial musculature 
( Sp rague , 1 948 ; Goode and Ha in e s , 1 97 3 ) . 
2 .  Golgi s tudi e s  
F r om the G o l g i  mater ia l ,  fortuitous 
impregnation s  were col l ec ted for h i s to logic preparation 
inc luding c e l l s  in the b a s e  of the dor s a l  horn , zona 
intermed ia , ventral c ommis sural nuc l eu � , and ven tral horn . 
The l ocat ion o f  the s e  c e l l s  and the extent o f  the i r  
dendritic arbor 'we re studied . Trac ings w e r e  made from a 
c amera- luc ida and exac t l ine drawings of the s e  c e l l s  were 
produce d  (Fig.  2 5 ) . 
The dend r i t ic or ien tat ion of c e l l s ._in the c e rv ical 
and lumbar enlargement s  re flects the presynaptic patterns 
tha t  a r e  gene rated by the lateral cort icospinal input . 
Spec i f ic a l l y ,  the dendr ite s o f  c e l l s  l ocated in the external 
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bas i l a r  z on e  of the dor s a l  horn are or iented 
mediolatera l ly in par a l l e l  with the f ib e r  pro j ec t ion s 
c oming in from the l ateral columns ( c e ll-a , in F ig .  2 5 ) . 
F rom the s ilver degen e ration s tudie s ,  deb r i s  is s een to 
spread media l l y  and become c oncentrated in a dorsoventral 
b and in the medial s ide of the dor s a l  proper nuc l eus and 
the dor s a l  comm i s sura l nuc l eu s . The or ientation o f  the 
dendr i t e s  in th i s  r eg ion a l s o  appears to re flect th is 
s ame cour s e  ( F ig . 25 and 26)  • 
Golgi impregnated c e l l s  in the me dial nuc l e i of the 
v entral horn a l s o  r e f lect a dorsoventral or ientation of 
the ir dendr i t ic tre e . In addit ion , a few long dendr ite s 
c an be followed dor s ome d ia l ly and found to c ro s s  the 
ventral midl ine under the central canal (Fig . 2 7 ) . Th i s  
pathway i s  a l s o  foll owed , but i n  the oppos ite direction ,  
b y  f ib e r s  o f  pas s age from the latera l corticosp inal tract . 
The Golgi mate r ia l , then , appears to d e l ineate the 
t e rminal cour s e  and intramedullary distribut ion of 
pre-term inal and terminal deb r is o f  cort icospinal f ib e r s  
ob s erved i n  the F ink-He imer mater ial . 
G o l g i  s tudies a l s o  demon strate that the dendr ite s o f  
spinal n eurons extend b eyond the lam ina t o  wh ich the ir c e l l  
bod i e s  a r e  conf ine d . Neuron s i n  the internal bas ilar 
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F IGURE 2 5  
A compos ite l ine drawing of tracings from fourte en 
fortu itous impregnations of adult spinal cord . The neurons 
at (a) proj ect their dendritic arbor toward the lateral 
fun iculus , apparently rece iving part o f  the i r  input from 
it . The neuron at (b ) is in the dorsal prope r  nuc leus ; the 
neuron s at ( c )  are in the dorsal commis sural nuc leus . The ir 
dendritic a rbor is direc ted in a dorsoventral plan e  and 
reflect the intramedullary distribution o f  corticosp inal 
pro j ection s into the sp inal cord gray matter .  The neuron 
at (d) is in the ventra l commi s sura l nuc leus . Note that 
its dendr ites extend far from the cell soma , even to cross  
the midl ine under the central cana l . cort icospinal f ibers 
terminate b ilatera lly in a s s oc iat ion with the s e  neurons . 
Al though there is l ittle corticosp inal input into lamina IX , 
in Galago the dendr ites of the large ventral horn motor 
cells  ( e )  extend well into the interme d iate zone . Therefore 
axodendritic as sociation even with the s e  c e l l s  cannot be 
r u l e d  out . Lumbo sacral enlargement . Golgi-Kopsch method . 
X 2 0 . 
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F IGURE 26 
Camera luc ida trac ing o f  the neuron marked (b ) in 
F ig .  2 5 ,  from the dorsal proper nucleus . The dendr ite s 
of this second order neuron are without spiny pro j ec tions 
in contra st with the large pyramidal c e l l s  ( f irst order 
neuron ) o f  the cerebral cortex . Note the d irection of the 
dendr it ic arbor . The heav iest concentrat ion of terminal 
debris from the lateral corticospinal tract is a s soc iated 
with the dendr ites and soma of such a neuron . L5 
Golgi-Kopsch method . X 500 . 
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FIGURE 2 7  
Camera luc ida trac ing o f  the neuron marked (d)  in 
F ig .  2 5 ,  from the ventral commis sural nuc leus . The 
or ientat ion of the dendr ites of th i s  neuron mirror the 
intramedullary cour se and part of the terminal d i s tr ibut ion 
of the cort icospinal input to the cord gray matter . These 
neurons are also known to pro j ect b ilaterally to the medial 
motor nucle i o f  the ventral horn (sterling and Kuypers , 
1 96 8 ) . L5 Golgi-Kopsch method . X 50 0 .  
1 0 3  
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nuc l e i  p ro j ect the ir dendr itic proce s s e s  from lamina I I I  
t o  lamina VI I .  Neuron s in the ventral l amina s (VI I ,  VI II 
and IX) , in addition to sending proc e s s e s  toward e ach 
othe r ,  a l s o  s en d  the ir dendr ites well with in the zona 
intermedia ( F ig .  2 5 ) . 
A .  Motor Cortex 
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Discuss ion 
The exis tenc e of a motor cortex a s  a d iscrete and 
de f inab l e  t is sue is b a s ed primar ily on the ob servat ion the 
e l ectrical s t imulation of ce rtain areas of the cortical 
surface produc e s  mus c l e  contract ion . The s e  regions more 
properly can be des ignated " the e l ec tr ical ly exc itabl e  
motor cortex " . Al though the e lectrically exc i tabl e  motor 
cortex gen eral ly is thought to be l imited to the 
precentra l gyrus, in no mammal ,  inc lud ing man , is th is 
motor t i s su e  s o  r e s t r ic tedl l • The ent ire nervous sys tem 
in a s en s e , can be c on c e ived of as moto r ,  for it exi s t s  
fundamentally to generate output . 
One fundamental component of the motor c ortex is the 
corticosp inal sys tem . cortical neurons which give r i s e  
t o  sp inal proj ection s a r e  conc entrated a l ong the border 
b e tween the frontal and par ietal lobes and become more 
l lAmong a l l  the mamma l s ,  on ly the primate s, and not a l l  
o f  them, pos s e s s  a precentral gyrus . 
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s cattered away from th i s  border . In mo s t  mamma l s , there 
i s  a l s o  a f ine topograph ical o rgan izat ion with in the motor 
reg ion (Wool sey , 1 9 5 8 ) , and in mos t  p r imate s th is 
o rgan izat ion i s  r e f l ec ted in the cort ica l sulcal pattern 
(We lker and Campos ,  1 96 3 ;  San ide s and Kr i shnamurt i ,  1 96 7 ) . 
In pros imian pr imates there is a motorsen sory cortical 
overlap w i th a rostral str ip predominantly motor and a 
c auda l parietal str ip pr edominantly sensory ( Kanaga suntheram 
et a l . ,  1 96 6 � Jame s on et a l . ,  1 96 3 ) . Large members of the 
family Lor i s idae have a sulcus wh ich separate s  pr imary 
motor and s en sory cortic e s . The pot to monkey has a 
de f in ite c entral sulcu s , wherea s the vertical c omponent o f  
s u l c u s  " e "  i s  the homologue i n  the s low loris ( S an ides and 
Kr i shnamurt i ,  1 96 7 ; Ha ines et a l . ,  1 97 4 ) . Three other 
sulc i extend rostroc auda lly across the motorsensory amalgam 
of the pros imian c ortex ; the s e  sulc i are sulcus rectus , the 
hor izontal component of sulcus " e "  and sulcus " c " .  I-t was 
shown by e l ec trophys iologic and c ytoarchitectural s tud i e s  
( S an ides and Kri shnamurt i ,  1 96 7 ; Jame s on et al . ,  1 96 3 ; 
Kanagasuntheram et a l . ,  1 96 6 )  that the s e  sulc i de f ine the 
s omatotop ic l imits of the motorsensory c orte x ,  but the 
ana tom ic c or ro l lary was not conf irmed . The pre s ent s tudy 
has shown that : ( 1 ) sulcus rectu s  and the hor izonta l 
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component of s u l c u s  " e "  do , indee d ,  s eparate the 
dor s omedial for e l imb area from the more dor s olateral face 
cortical area and ( 2 )  w ithin the predominantly sen sory 
cortex , sulcus " c "  s eparate s the cortical representat ion 
of h indl imb from forel imb area . Th i s  degree of cortical 
somatotop ic organ ization wa s not suspected from ear l ie r  
s tud ie s o f  corticosp inal proj ec tion s o f  a pros imian prima te 
(Campb e l l , 1 96 6b ) . 
Cort ic a l  separat ion of function by cytoarchitectural 
d i fference s  and by c ortical sulci become s more r e f ined as 
one a s c ends the phylogenetic scale . Th is i s  exemp l i f ied in 
the order P r imate s .  The bra in s  o f  sma l l  primates are 
l is sen c epha l ic except for calcarine , h ippocampa l ,  
e c torh ina l  f i s su re s ,  and an indicat ion o f  the suprasylv ian 
sulcus . Mode rn tree shrews have advanced l itt le from th is 
b a s ic pattern ( Le Gros C lark ,  1924,  1 92 9 ,  1 9 3 2 ) . 
Tar s iu s  spectrum has only a sma l l  suprasylvian e l ement on 
i t s  orb ital surface and a tr iradiate calcarine complex 
(Connolly , 1 9 5 0 ) . The bra in of Microcebus mur inu s ,  the 
mous e  l emur , a l though advanced in compar i s on to �aia,  
i s  s t il l  s impl e  when compared to the oth e r  l emur s  ( Le Gros 
C lark , 1 9 3 1 ;  Conno lly,  1 95 0 ; F r iant,  197 0 ) . 
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Th e ove r a l l  deve lopment of t h e  c ereb ra l hemi sphere s of 
the Lor i s ida e i s  )�epre s ented by an inc r e a s e  in th e number 
and complexity of neocortic a l  sulc i .  Although the cortex 
of Ga l ago is r e l a t ively s imp l e ,  a pc imate pattern c an b e  
, ] i s t ingu i sh ed . The r e  is a t r u e  tempor a l  p o l e  separ ated 
from the fron t a l  co �tex by a Sylv ian complex and a well 
d ev e loped c a lca r ine area . And , compared with the gen e r a l  
mamma l ian cortex , the s e  lower pr ima tes cha racte rize the 
trends of neocortic a l  evo lut ion s een in th e Anthropoide a . 
The s e  trends a re r epre s ented by an inc r ea s e  in neocortical 
growth a s soc iated with the s eparat ion and expan s ion of th e 
moto r s en s o ry cortex and deve lopment o f  v isua l ,  tempor a l  and 
a s sociation cortic e s . Th e s e  mod i f ic a t ions can b e  
correlated with an inc rease i n  the numb e r  o f  coronally 
o r i ented sulc i wh ich in the motor s en s o ry cortex serve to 
s epa rate s omatotopic organ iza tion . cor tical s eparat ion of 
func t ion a l s o  can b e  s e en in the organ ization of the long 
d e s c ending f ib e r  sys tems of the spina l cor d ,  e spec ia lly 
th e cor t icospina l pro j ection s .  
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B .  C o r t ic o spina l Proj ect ion s  
1 .  Or ig in 
In mos t  nonpr ima te mamma l s  the cor t ic o sp inal 
f ib e r s  o r iginate from a motor s ensory ama lgam . Th ere is 
l ittle cytoa r ch itecture difference across the ama lgam , 
and th ere is no cortical soma totop ic organ i zation that is 
s epa rated by a d i s t inct sulcal pa tte rn . For example ,  the 
c o r t ic a l  pro j ection s  to the sp ina l cord in carn ivores 
o r i g inate ma inly f rom th e pos t s igmoid gyru s ,  and ther e  is 
no sulcus wh ich s eparate s the predominantly motor cortex 
f rom the s omato s ensory cortex ( Nyb e rg-Hansen and Broda l ,  
1 96 3 )  . 
In p r ima te s ,  th ere is a trend towa rd compl ete 
s eparat ion o f  motor sensory cortical topography . At the 
lowe s t  s c a l e  of pr imate phylogeny , as repre sented by the 
extant tree shr ews , corticospinal pro j ection s or iginate 
from the entire frontal lob e  including the polar c o rtex 
( Jane e t  a l . ,  1 96 5 ;  Shr i v e r  a n d  Noba ck , 1 96 7 ) . In the 
p ro s imian primate s ,  as repres ente d  by t.he family 
Lor i s ida e ,  with th e add ition of cortical soma totop ic 
o rgan izat ion , th e motor s ensory cortex is sh ifted cauda l ly 
and the p r e fronta l a r ea inc luding the fronta l pole is 
occup i e d  by a s i lent granu la r co rtex . Although Campb e l l  
no 
( 1 9 6 6b )  r epo rted spa r s e  pro j ection s to the spinal cord 
from fronta l pole l e s ions in the s low lor is ,  th e s e  data 
were not con firmed in the pre s ent s tudy . When care wa s 
taken to avoid the t erm ina l distribution of the 
ante r ior c e r eb ra l  arteries 1 2 , f rontal pole l e s ions did not 
produc e s ta inab le degeneration in the spina l cord of 
Ga lago .  
The cortical origin o f  corticosp inal pro j ection s in 
Galago corre sponds c lo s e ly to the area o f  e lectr ic a l ly 
exc i tab l e  cortex reported by Mott and Ha l l iburton ( 1 9 0 8 )  
i n  Lemur macaco a n d  i n  L .  catta ; b y  Zuckerman and Fulton 
( 1 94 1 )  in Pe rodic t icus potto and Ga lago demidovi i ;  and by 
Kanaga s unth eram et a l e ( 1 96 6 )  in Galago s enegalen s i s . In 
contra s t ,  motor re spon s e s  were not reported from 
s t imu lat ion of somatosen s ory areas 3 - 1- 2  in Ga lago 
( Kanaga s un th eram e t  a l . ,  1 96 6 ) , whereas Wool s ey and h i s  
c oworkers ( 1 9 5 8 )  hav e r ecorded motor r e spon s e s  f rom the s e  
a r e a s  in both New a n d  O l d  Wo rld monkeys , the ab s ence o f  
th e s e  r e spon s e s  in pro s im ians may b e  expla ine d  b y  the 
anatomical data . The cytoarch itecture is s imilar acro s s  
l 2
rn Galago , the large po lar branch e s  of the anter ior 
c e rebral a r t e r i e s  loop over the fronta l pole and the ir 
termina l b ranch e s  supply the dorsomedia l motor s ens ory cortex . 
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the moto r s en s ory amalgam in Galago , but there i s  a 
sub s tant i a l  inc rea s e  in the number o f  granul e  c e l l s  in 
layer IV of the s oma to s en sory cortex . There is a l s o  poor 
d i ffe ren t iat ion in the supraganglionic layer s  with fus ion 
of th e laminas I I ,  I I I  and I V ,  as repo rted in the s low 
l o r i s  ( S an ide s and Kri shnamurt i ,  1 96 7 )  and con f i rmed in 
the pre s ent inv e s t igation . In addit ion , the somatosen sory 
cortex g iv e s  r is e  to pro j ections which terminate almo s t  
exc lus iv e ly o n  dor s a l  nuc l e i  o f  th e dor s a l  horn where 
th ere i s  l ittle d irect or in direct acc e s s  to the larger 
motor c e l l s  o f  the ventr al horn . Th i s  projection is in 
marked c ontra s t  to the distribution o f  degenerat ing debris 
from l e s ions o f  somatomotor cortex wh ich may terminate 
d i r ec t ly upon the motor nuc l e i  o f  the ventral horn . 
In the h igher anthropo id primate s ,  with the add ition 
o f  a c omplete c entra l sulcu s , the ma j o r ity o f  
cort icospinal pro j ect ion s  a r i s e  from the p r e - and 
pos tcentral cortex ( L iu and Chambers , 1 96 4 ; Petra s ,  1 96 9 ) . 
The somatotop ic organ izat ion of these pro j ect ion s  is a l s o  
much r e f ined . F o r  example , the re a r e  d i s t inct s ites on 
the precen tral gyru s o f  � which proj ect predominantly 
to the medial internunc ial and me dia l  motor nuc l e i  of the 
spin a l  cord . There are a l so s e lec t ive s ites which proj ect 
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predominan tly to the latera l a n d  dor so latera l motor 
nuc l e i  ( Kuypers and B r inkman , 1 97 0 ) . 
2 .  Cortico spinal Proj ec tion s  - pos it ion and Extent 
On e  outs tand ing feature of the corticosp in a l  
patt e rn i s  its h igh d e g r e e  o f  va r ia tion i n  its locat ion , 
extent and in its s ite of terminat ion in the spinal c ord . 
As the tract reache s the c ervical c o r d ,  it may c ours e  in 
any o f  the thr e e  fun icular pathways regardle s s  of the 
mamma l ian order examin e d .  I n  addition , the maj or tract 
may extend a va r iab l e  d i s tanc e  down the cord and d if fer 
in its nuc l e i  of termina tion . 
To summa ri z e  part of the l iterature rev iew , the ma j or 
c ro s s ed corticosp ina l pro j e c t ion is found in the dor s a l  
fun iculus i n  ch i ropterans , some e dentate s ( armadi l l o ) , 
ma r s up ia l s  and rodents . A ventra l tract is reported in 
e lephants , hyracoids , and in s e c t ivo re s . The latera l 
fun iculus c on t a in s  th e ma j o r pro j e c t ion s in some e denta t e s  
( s loth )  a n d  monotreme s and i n  a l l  ungu late s , carn ivor e s , 
lagomorph s and pr imat e s . With f ew exc eption s the tract is 
we l l  deve loped throughout th e cord , only in the carn ivor e s  
and p r ima tes ( for r e ferenc e s , s e e  l i te rature rev iew ) . 
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Two notable exc ept ion s  of c ort icospina l development 
a re s e en in : ( 1 )  a roden t ,  the Canadian porcupine 
( S imps on , 1 91 2 a )  and ( 2 )  in the hopping and arborea l 
ma r supia l s  ( Martin et a l . ,  1970 , 1 9 7 2 ) . Although the 
roden t s  in genera l po s s e s s  a long cros s ed dor sal pathway , 
the pro j e c t ion s in the porcup in e  are s ign i f icantly 
d if fe r ent . In addit ion to the c ro s s e d  dorsa l trac t ,  th i s  
an ima l a l so has a n  unc ro s s ed ventral tract that extends 
to sacral leve l s  and an unc ros s e d  dor s a l  bundle that ends 
j u s t  short of the lumbar enla rgement . A l e s s  dramatic 
mod i f ic a t ion is s e en w i th in the mar supia l s . Ra rely can 
th e cor t ico spina l f ib e r s  o f  marsupia l s  be traced be low 
c e rv ic a l  segments (Baut i s ta and Mat zke , 1 9 6 5 ; Mar t in and 
F i sher , 1 96 8 ) . In contra s t ,  a l l  hopping and arboreal 
mar sup ial forms ( potoroo , kanga roo and phalange r )  have 
f ib e r s  wh ich extend we l l  into the thoracic cord . Some of 
the s e  f ib e r s  terminate j u s t  short o f  the lumbar enlargement 
(Goldby , 1 93 9 ;  Ma r t in et a l . ,  1 9 7 0 ; Wat son , 1 9 7 1a , b ) . Thi s  
exten s ion o f  f ib e r s  may b e  r e lated t o  the spec ia l ized 
locomotor requirements o f  the s e  an ima l s . 
A s imilar spe c ia l ization is s een in Galago .  The s e  
an ima l s  pos s e s s  corticospinal f ibers which extend the 
l ength of the spinal cord . The ma j o r  tract is located in 
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the latera l fun iculus , b u t  there i s  a l so a long ventra l 
tract wh ich may extend to the lumbar c ord . F iber s from 
the v entral tract term inate ips i la terally upon the neuron s 
in the med ia l  nuc l e i  of the ventral horn . In addition , 
the s e  medial nuc l e i  a l s o  rece ive c ort icospina l input from 
cor t ic a l  areas wh ich do no t produc t degene rat ion in a 
ventral trac t . In the se cas e s ,  f ibers from the 
contralateral t ract recro s s  the ventra l gray comm i s sure 
to t e rmina t e  in the media l nuc le i o f  the ventra l horn . 
3 .  s it e s  o f  Termination o f  cort icospina l 
Pro j e c t ions (with special reference to the 
p r imat e s )  
The ch ief s ite o f  sp ina l terminat ion s  of 
cortical proj ec tion s  in nonpr ima te and p r imate mamma l s  is 
to the base o f  the dor s a l  horn ( laminas IV-VI ) . Thi s  s ite 
can be d ivided into media l and lateral zone s . In 
c a rn ivor e s , the ma j or pro j ection is reported to terminate 
in the ext e rna l ba s il ar region or lateral zone o f  the 
dor s a l  horn . Th i s  pro j e c t ion s ite wa s con f irmed recently 
by a quant itat ive e lectron micro scopic inv e s t iga t i on 
( Shapova lov , 1 97 3 ) . In the anthropo id pr imates , the 
degenerating f ibers to the b a s i la r  reg ion s form a den s e  
band o f  deb r i s  acro s s  laminas V a n d  VI and are reported 
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t o  b e  more concentrated i n  the latera l or externa l ba s ilar 
zone in inv e s t igat ion s wh ich used the Nauta techn ique 
(petra s ,  1 96 9 ) . Th is ch ief pro j ection is supplemented 
in mos t  pr imat e s  by add it iona l terminals onto the large 
motor c e l l s  o f  the ventral horn 1 3 • In anthropo id pr imate s , 
the den s ity of th e s e  direct proj e c t ion s increases 
proportiona l ly w ith an ima l s ize and degree o f  an imal 
dexter ity . Th is direct pro j ect ion into the ventral horn 
nuc l e i  is a l so reported in certa in carn ivore , 
spe c i f i c a l ly the raccoon and k in j a j ou ( Petras and Lehman , 
1 96 6 ; Petra s , 1 96 9 ) . In the s e  forms monosynapt ic 
c onnect ion s  are pre s ent only in the cervica l en largement ; 
however ,  in p r ima t e s  the monosynapt ic proj e c t ions are 
p r e s ent throughout the spinal cor d . The funct ion 
a s s oc iated w ith the s e  direct proj e c t ion s is an increase or 
r e f inement o f  the speed and d irec t ion of fine motor 
movements , espec ia l ly of th e int r in s ic mu s c l e s  of the hand 
( for review , s e e  Ph i l l ip s , 1 97 0 ) . 
Although the s e  data have ga ined w ide acceptance ,  there 
a re addit ion a l  termina l nuc le i wh ich rec e ive monosynaptic 
l 3Th is p roj e c t ion into the ventra l horn i s  ab s ent in 
tree shrew (Jane et a l . ,  1 96 5 ; Sh r iver and Noback , 1 96 7 ) , 
marmos e t  ( Shriver-ana-Matzke , 1 96 5 )  and the s quirrel monkey 
(Ha r t ing and Noback , 1 9 7 0 ) . 
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input f rom the motor s en sory cortex . In the pros imian 
p r ima te s ,  as reported in th is invest igat ion and in other 
studie s (Campb el l ,  1 96 5 ;  Jane e t  a l . ,  1 96 5 ;  Ferre r ,  1 9 7 1 ) , 
there a r e  addition a l  proj ections not only to the 
internunc ial nuc l e i  o f  lamina VIr but a l s o  to the larger 
c e l l s  in the medial nuc l e i  o f  the ventral horn . Th i s  s ite 
of term ination h a s  a l s o  been r eported in the anthropoid 
p r imate s ,  inc lud ing man ( Petras , 1 96 9 ) . To date , th is 
medial organ izat ion o f  corticospin a l  proj ections has only 
b een r eported in an imal forms w i th s emier ect o r  erect 
posture o r  in an imal forms with the potential for erect 
posture . 
The f ib e r s  wh ich innerva te the medial nuc l e i  of the 
ventr a l  horn ga in acc e s s  to the ir terminal nuc l e i  d irectly 
from a long ventr a l  tract or from f ib e r s  that recross f rom 
the c ontralateral tract through the ventral gray commi s sure . 
Th i s  is a c on stant feature o f  a l l  p r imates thus far stud ied 
except for the tree shr ew , marmo s et and squirrel monkey . 
The Tup a i idae pos s e s s  a numb e r  of characte r s  which have 
produce d  unre solved controv e r s i e s  a s  to the ir taxonomic 
pos ition ( for rev iew , s e e  Ha ines and Swind l e r , 1 97 2 ) . But 
regardle s s  of the i r  systematic po s it ion , they are the only 
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extant forms which are thought to be c lo s e to the 
anc e stral stock f rom wh ich the primate s evolved . For this 
rea s on , they a r e  use ful in an attempt to characterize an 
evolv ing primate pattern . Jane et a l . ( 1 965 )  and Shriver 
and Noback ( 1 967 )  report that the cort icospinal proj ection s 
in Tupaia glis terminate in the internal ba s ilar region or 
media l zone o f  the dor s al horn . Th is s ite of terminat ion 
is a l s o  one of the ma j or proj ection areas w ithin the order 
Primates .  Petras ( 1 96 9 )  suggests a heavier c oncen trat ion o f  
termin a l  deb r i s  in the med ia l  nucl e i  o f  the anthropo id apes 
when compared to the Old and New Wor ld monkeys . Kuypers and 
B r inkman ( 1 9 7 3 )  also report s eparate cortic a l  a r ea s  in 
Macaca wh ich s e l e c t ively pro j ect to the medial nuc l e i of the 
ventral horn . 
Th i s  medial organization is a l so we l l  represented in the 
pros imian p r imate s .  The pre s en t  inv es tigation o f  Galago , a s  
w e l l  a s  the data r eport ed b y  C ampb e l l  ( 1966b )  o n  the s low 
loris show the same medial proj ec tion s into the nuc le i of the 
dor s a l  horn . In addit ion , s ub s tant ia l b ilatera l pro j ections 
are d irected toward the media l nuc l e i  of the ventral horn . 
Wh en the s e  corticospinal proj ec t ion s are compared w ith 
the Inorphology o f  sp inal cord neuron s  from the Golgi 
mater ia l ,  the fol lowing corre late s result:  1) the c e l l s  in 
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F IGURE 2 8  
Schematic l ine drawing t o  summarize the synaptic patterns 
in the terminal nuclei from corticospinal fibers in Galago . 
This figure is a compositive of mater ial stained with the 
Fink-Heimer method, for degenerating axoplasm ,  and the Golgi 
method . From the lateral corticospinal tract , fibers 
terminate by axodendritic and axosomatic synapses in 
(a) nucleus proprius cornu dorsalis , (b ) nucleus 
cornucommis suralis dorsa lis and bilaterally in (c) nucleus 
cornucommis suralis ventralis and nucleus motor ius medialis . 
In addition , the nuclei of the medial ventra l horn also 
receive termina ls from the ipsilateral ventra l  tract . The 
latera l motor nuclei (d) probably receive monsynaptic input 
from the motorsensory cortex , but only �nto their distal 
dendrites . 
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the internal b a s ilar zone rec e ive axosomatic a s  we l l  a s  
axodendr itic input f rom the moto r s en s ory corte x ;  
2 )  neurons i n  the m e d i a l  nuc l e i  o f  the ventral horn a l so 
r ec e iv e  axodendr itic and axosomat ic contact from the 
corticospinal tracts ,  and 3 )  becaus e the dendr itic arbor 
o f  the latera l motor neuron s  o f  the ventral horn extend 
we l l  into the intermed iate zone ( lamina VI I ) , they too , 
probably r e c e ive s ome axodendr itic synaps e s  from the 
moto r s en s ory cortex in Ga lago ( F ig .  2 8 ) . 
A lthough the synapto logy of the de s c ending pro j ec t ions 
cannot be v e r i f ied morpho logica l ly w ithout the use o f  the 
e l e ctron mic roscope , the organ ization o f  degenerating debr is 
s ta ined w ith th e F ink-He ime r method has been ver i f ied at 
the ultras tructura l level (He imer and Peter s , 1 9 6 8 ) . Plans 
a r e  now b e ing comp l eted by th is author to comb ine the 
s ilv er s t a in ing of degenerating axoplasm w ith e lectron 
micro s c opy to ver i fy the synap tology of the de scending 
cort ica l and s ubcortical motor pathways in Ga lago . 
c .  Phylogenetic C on s iderations 
Phyletica l ly ,  it has been sugg ested that 
cort icospinal pathways evolved independently in each 
mamma l ian order ( Noback and Shr ive r ,  1 96 6a , b ) . In the 
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carn ivore s and pr imates such a deve lopment h a s  produced 
both a motor and a sensory component . The s ensory 
component is probab ly phylogenetica l ly older for it i s  
a l s o  p r e s ent i n  lower forms , e . g . , i n  the oppo s sum 
(Ma r t in et a l . ,  1 9 6 8 ) , an an imal wh ich doe s  not have a 
we l l  deve loped motor compon ent . 
The lori s o id s  ( galagoes and lor i s e s )  are a d ivergent 
populat ion , and have d i f ferent locomotor behav ior ; but the 
pattern of cort icosp inal morphology is s imilar . The s e  
data woul d  sugge s t  t.ha t  the pros imian corticosp inal pattern 
wa s determined by inh e r itance from a common s tock and was 
not ind iv idually acquired . Thus ,  when compar ing the system 
acros s prima te phylogeny , the media l organ izat ion of the 
tree shrew is carr ied into the med ial ventra l ho rn in the 
p ro s imian s tock . Because c e l l s  in the medial nuc l e i  of the 
ventra l horn innervate prox imal l imb and axial mus culature , 
it is propos ed that direct cort ical in f luence over th e 
axia l muscula ture provided a s e l ec t ive advantage in the 
evolut ion of s emi- erect or erect po s ture . Onc e  th is 
posture wa s ach ieved succe s s fully,  a continued s e lectiv e  
a dvantage wa s ga ined w ith the freedom of the hands . Th is 
manua l dext e r ity is we l l  known in mos t  Old and New World 
monkey s , th e great ape s , 2nd in man . 
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D .  Funct iona l C ons idera tion s 
Ob s e rvations of terminal input to the spinal cord 
by c o r t ic o sp inal pro j e c t ion s u sua l ly concentrate upon 
the ventra l horn nuc l e i  of the c ervical and lumbar 
enlargements . But in many mamma l ian spec ies , the s e  
pro j e c t ion s reach ne ither the c ervical enlargement nor 
the la rge motor c e l l s  o f  the v entra l horn . Yet such 
mamma l s  po s s e s s  an electrically exc itab l e  cortex and 
per form motor b ehav ior tha t  appears voluntary ( ie ,  the 
opo s sum ,  the t r e e  shrew) . 
Th i s  apparent contradict ion is typ ica l of the 
misunderstand ings of cort icospinal funct ion . It has been 
shown that the corticospinal system may exert both an 
exc itatory and an inh ib itory act ion on its tennina l nuc l e i  
( C a s ey a n d  Towe , 1 96 1 ) . Inh ib it ion may be e ithe r  direct 
or indirect , such a s  a presynapt ic mechanism . In add it ion , 
the sys tem can a l s o  be a f fected by cutaneous , aud itory , 
v i sual and propr ioceptive in f luenc e s . It was not unt i l  
the r e f inemen ts of th e s t a in ing o f  degenerat ing axoplasm 
(Nauta and Gygax , 1 95 1 ;  1 9 5 4 ;  and Nauta , 1 95 7 ; F ink and 
H e imer , 1 96 7 ) and the e l ectron microscopic verif icat ion 
of th e s e  techn iqu e s  (He ime r and Peters , 1 96 8 )  that the 
terminal d i s tr ibut ion of many brain pathways were known . 
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E l ec t rophys io logical studie s ,  with s t imulat ion and 
recording of acute and chron ic l e s ioned anima l s,  as we l l  a s  
b ehav iora l stud ie s ,  have shown that the pyramidal system 
( cort icospinal and corticobulbar pathways )  is no t the 
" hot l ine " from the motor cortex t.hat is re spon s ible for 
overt motor activ ity ( Tower , 1 9 3 5 ; Phi l l ip s  and Porte r ,  
1964 ; L iu and Chamber ,  1 96 4 ; Lawrence an d Kuyper s , 1 9 6 8a , b ;  
for rev iew , s e e  wie s endange r ,  196 9 and Towe , 1 97 3 ) . Its 
a c t ion on the bra in stem s en sory nuc l e i  and on the s en sory 
nuc l e i  of the spina l cord are not under stood (Fetz , 1 9 6 8 ) . 
I t s  a c t ion on motor c enters is var ied . within the corte x ,  
n euron s  wh ich pro j ect t o  t h e  c o r d  inc rea s e  the ir d i s charge 
rate s prior to and dur ing movement ;  whe rea s ,  the same 
pro j e c t ion s from the s ensory cortex f ire dur ing and after 
the mov ement ( Evarts , 1 9 6 8 ; 1 96 9 ;  Fetz , 1 96 9 ;  F etz and 
F inocch io , 1 97 1 ) . Yet the s e  discharge rate s (average 
1 5 - 3 5/s e c . in primate s )  fail to achieve a leve l which can 
fire motor n euron s or potentiate the motor neurons to 
f ire ( l OO/sec ) . Th i s  data make s the "hot l ine " not ion 
even more untenab l e . The pres ent concept o f  
corticospinal func tion i s  that the proj ect ion a c t s  upon 
its termina l motor nuc l e i  to improve the speed and 
d i rect ion o f  the action and adds the neces sary readin e s s  
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to a c t  ( Lawrence and Kuyper s ,  1 96 8a , b ;  Petra s ,  1 96 9 ;  Towe , 
1 9 7 3 )  . 
Towe ( 1 97 3 )  states that the corticosp inal system has 
exis ted for perhaps 3 0 0  mill ion year s but on ly in the last 
c entury , was it dis covered . From the ava ilable data , it is 
pos s ib l e  to s tate that any mamma l ,  inc lud ing man , could 
survive a s  an individua l without th is system . But whether 
any c o l l e c t ion o f  mamma l s  could survive a s  a species under 
such c i rcums tance s  i s  quite anoth e r  matter : it probably 
cou l d  not . The pyramida l sys tem adds the neces sary 
' r eadin e s s  to act ' that make s  the d i f fe r enc e in the 
s e l e c t ive proc e s s  where speed and appropriatenes s of action 
a r e  s o  impor tant in the survival and sub s equent 
evolut ionary dev elopment of any mammal .  
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